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THE NATURE CRYSTALS 


THE INTERATOMIC LINKAGE AND THE SOLUBILITY SALTS 


Kurbatov 


The value interatomic linkage can, has been shown previous papers 
[2], calculated from the formula: 


the cubic expansion. has been shown direct comparison that 
the case elements this value changes according certain rules the sub- 
groups the system, and therefore, that related the chemical 
properties substances and the same time such calculated typically 
and even mechanical properties the according Hertz-Brinel and the 
melting point. Thus, has been shown that typically mecnanical property 
directly related the chemical structure substance. This has later been 
confirmed for acids, sulfides, halides, and oxides. the same time has been 
shown review the values for organic compounds that the values 
Ker, completely the solvbilities organic compounds each other 
arranged the basis isofluid type. This jis also confirmed the insolu- 
bility water the majority organic compounds which not possess innogen- 
groups like CO, COOH, NOs. etc. Thus, the soiubility determined not 

much the the dimensions the molecules the degree 
difference between the reactions the molecules each type with each other. 
While all the micromolecules water are capable exchanging ions with each 

methane are almost completely incapable exchanging ions and forming macro- 
molecules. Therefore, when mixing takes place, result the external appli- 
cation mechanical energy water and methane, or, take more obvious case, 
water and hexane, the micromolecules water are strongly attracted each 
other, they were squeezed out their macromolecules the hydrocarbon. 
The solution salts water, that is, typically ionic substances similar 
water, quite another thing despite the fact that their ions may very con- 
siderably different from the ions water, like 
etc. obvious that the case salts and electrolytes general, 
order have the possibility solution water there must preliminary 
formation ionic hydrates. this case, the phenomenon salt solution, 
was shown long ago (V. Kurbatov, very complicated. may divided 
into least three steps: 


The hydration surface ions, 


the penetration water through the aqueous canals the surface lattice 
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deeper layers ions, 


the rupture the surface hydrated ions with the simultaneous hydrolysis 
the salt and the "halization" the water. 


TABLE 
Interatomic Linkage Crystals Oxygen Salts 


(780°) 
(650°) 


ecee 


(calcite) ..... 

Diopside 

Amphibole 

Augite 

Phenacite 


0.04181 1530000 


actual fact, the phenomenon considerably more complicated, was shown 
the paper ''The Interatomic Linkage Oxides and Sulfides," because the form- 
ation polyions and polyamphions. Rut with oxides this the case one the 
ions, while with this possible for both their ionic coordination 


0.0321 51000 
> 0.179 | 0.327 34000 
KMn04 eee eee eee 16 0.03092 77000 
KC103 0.199 0.0313 90000 
0.04759 
201000 
0.057 143000 
0.17 0.04157 790000 
0.168 0.04219 
0.138 0.04156 
0.04231 


valences are sufficiently high. 


The calculated values for salts, from the values Py, and 
now known, are collected Table 


clear from Table that for salts such KNOs, 
... either almost equal to, less than for 
water (75,000). The values are somewhat higher than the for water for mono-di- 
and even lower for and low for the mono-trival- 
ent and for the incompletely substituted The fairly high 
value for may due the influence polymorphic changes which have not 
been completed. the other hand, the very high value Ker. (250,000) for 
course related the structure this salt, i.e. 


The same reason explains the increased values for 


the divalent salts, the most soluble have, anhyd- 
rous condition, value Key. somewhat higher than the water, and the very 
slightly soluble ones have value 2.5 times great the 
water. The insoluble and have values times great. 
for spinels general above 800,000, fact which indicates the lack 
correspondence the structure the spinels the formula pre- 
viously proposed, with the anion has been 
proposed relation this structure. actual fact, the spinels have face- 
centered cubic structure starting from and (in the case the magnesium- 
aluminum spinels). these, the has oxygens around equal distances. 
and the aluminum oxygens almost equal distances, other words, the tetra- 
coordinated and the hexacoordinated have almost the same importance the 
formation the lattice, which obviously not salt type is, not 
the result opposing charges) but the gel type, that ‘the produced 
the reaction aluminates with silicates the industrial formation per- 
mutites 


accordance with this same idea, and the ion 


actually 


From this same Table see that for mono-monovalent salts does not 
exceed 100,000; saw that was also the 


Salts with bi-morovalent ions have the order 
100,000 125,000 Saits the have internal pressure 
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The Limiting Values for Anhydrous Salts with Ions 
Equal Valence 


1-1 60000 
90000 

2-1 80000 120000 

750000 

Spinels 800000 2000000 

Silicates with bivalent cations.. 500000 600000 

Phenacite ... 


the result the great ability the fluorine enter into the 
formation complexes. 


Boracite unique and extremely complicated mineral, which 
built twenty-four pyramids, joined together the peaks twenty-four- 
faced cubic The data for permit certain the 
low coefficient expansion the result the manner which these are joined 
actually the coefficient expansion the monoclinic crystals. 


Thus, the order 350000 atm (and higher) sufficient for the 
coordination the water molecules around the ions the salt, but number 
that with make the breaking away the ions into the water impossible, and the 
salt wili very probable that the limit the value the 
interatomic linkage needed prevent solubility different for ions with dif- 
ferent degrees hydration and the value the intermolecular 
linkage water, result which the salt ions are away from the 
strongly hydrated crystal even from crystal which has been converted into 
gel. 


TABLE 
Relation between and the Melting Point Saits 


102000 
36000 
72400 918 
865 
90000 1823 
Amphibole 543000 1550 


has been previously pointed for halide compounds the ratio 
fluctuates within limits. For all salts except the 
70. the data for silicates ard are from Table which con- 
teins comparison this same ratio for oxvgen-containing salts, the 


77000 
36000 130 
51000 
45000 410 
94000 
45000 1000 
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has average value 57, and for the silicates and aluminates the ratio 
about 590, that is, abopt times great. This cin only 
the fact that the character the process melting essentially 
with the latter than with salt compounds that is, the assumption the 
crystals and are limiting cases gels, there- 
fore their melting begins with the transformation into liquid 
polyamphion mass, that into anode skeleton filled with cells. 

case beryl, for instance, there would appear such portions where the 
bound (Si04)n and groupings. Thus, the decomposition crys- 
tal lattice which proceeds with individual micromolecules salt compounds, 
takes place the case silicates and with entire crystal poly- 


ions. 
comparison Kcr, with the mineralogical hardness can carried 
out for relatively small number minerals. 
TABLE 
Ratio Interatomic Linkage the Hardness Salts 


77000 30000 2.5 
249000 76000 3.3 
1100000 120000 9.0 


view the difficulty obtaining sufficiently reliable data the 
hardness, and view the considerations above with regard the 
However, can seen from Table that this ratio for salts 
ions which not form stable coordination complexes (K+, Cl-, equals 
29,000 7%. For mono-monovalent ions which give stable (AgCl, 
AgBr), equals 67,000 3%. For salts bi-mono and such 
equels 66, 000 13%: 


tri-trivalent salts. 1,000,000 


“et 
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There that the mineralogical hardness, is, the difficulty 
breaking away the surface ions, sharply increases comparison with 
the valence the ions increases. This indicates the incorrectness the cal- 
culated values the mineralogical hardness, transition, the scale 
Moos, from should actuelly expressed increase not 25% but 
times. 


The mineralogical hardness crystal, that is, the force necessary 
break off the surface micromolecules the crystal (abrasion) depends the 
stability the linkage the surface ions, and related the incompleteness 
the number surrounding ions when compared with the number ions which are 
coordinated around ion the same charge inside the crystal. must recall 
that when the first atom broken off, from the corner cube, octahed- 
ral side formed along with three new corners, while when atoms are broken off 
from the ideal edge cube the side formed that is, 
pass blunter angles and new corners and edges, becomes more and more 
break these off. Therefore, the method abrasion (Moos) very 
conditional one. clear that there not necessarily any parallelism be- 
tween the changes the mineralcgical hardness.and between the solu- 
bility and the mineralogical hardness. However, when make the transition from 
salts with ions lower valence salts with ions higher valence, both 
and the mineralogical hardness increase, and. the Solubility decreases, 
evident from Table 

TABLE 


Relation between Valence, Solubility, and Weight Cations about 20°) 


Solubility ......... 0.45 0.34 0.38 
2-l-valent ions .... SrClo BaCls 
0.39 0.38 0.24 0.13 
0.38 0.52 0.27 0.26 
0.23 0.057 0.10 0.18 
Very 0.26 0.21 Hydrolysis 


Although during the process solution the first atoms are broken off from 
the corners, and the next atoms from the edges, all the same the value the 
solubility determined, when sufficiently large crystals are present the bot- 
tom, the ratios between the values the attraction ions into the solu- 
tion the one hand; and the interatomic the crystals the other. 


Table there comparison the values solubility gram-moles 
salt per 100 parts From this clear that the assumption that 
the sclubility decreases subgroup the weight the cation increases 
correct, and that the solubility decreases the degree hydration 
decreases. increase hydration going over from one group another 
given series the Mendeleev system means increase solubility. has 
been shown ebove (as, for example, comparing the values spinels), 
when comes salts acids with the very highest valences, 
the transition from takes piace way gelatinous state. 
Therefore the processes solution and crystallization these salts, and prob- 
ably saits, must considered even considerably more complicated than 
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has been indicated above, for example the case 
TABLE 


Scheme Solution and Crystallization Anhydrous Salts 


Anhydrous crystal 


First stage hydration Water VIII 
III Third stage Water 
Water 
tion Gelatinous condition co- Water 
precrystalline 


agulation with very little 


incipient crystallization 


tire mass insufficient 
solvent 

VIII Uniform solution 


may note this poiut that the hydration the ions, their coordin- 
ating action the water, increases the valence the ions increases, that 
is, there transition the Mendeleev Table from Group Group VII. 
But decreases the atomic weight each subgroup rises the 
increase the ability give lower values the valence, that is, the 
Stability the compounds the higher valences decreases. With regard 
this point, the solubility single-type salts decreases during the transition 
the heavier atoms, and this particularly evident from comparison the 
molecules water-solvent too small, then when there are many hydrated ions, 
and the number coordinated water fons around each one great, the solubility 
may lowered because the fact that there insufficient water 
ions around each hydrated ion attract it. 


The phenomens solution and solubility are still more complicated when the 
hydration very great, for example with ions, can seen from 
the following comparison: 


FeCls 


0.67 Deliquesces 0.007 


Between the appreciably soluble salts like equivalents per 
liter), (0.0515 equivaients per liter) and those completely insoluble pure 


Stage Water Stage 
H(OH) 


water, such calcite and magnesite, the difference values very 
great. 


Solubility 
magnesite ........ 605000 
limonite ........ 540000 


Thus the solubility determined not only the value the crys- 
tal, but also the stability the compounds formed the ions and water, 
other words, the extent which the ccordination the molecules water 
around the ion penetrates into the surrounding water-solvent, and the same time 
the stability with which the water held the salt ions the crystal 
hydrates which are formed, can seen from the following comparison: 


The ability coordinate water molecules around the ions the salt: 
The form crystal hydrates: 

However, does not foliow from this that the lithium salts 
always greater than that sodium salts. The fact that the hydrated ions 
are drawn into the water result the exchange the molecules water 


the ions water which enter into the composition the coordination hydrates 
with the ions sclvent water, for example: 


close enough such examples the crystal hydrate NaOH7Hs0 show that the 
ions solution are attached much greater number mclecules water than 
the ions the and this there can scarcely any doubt. 


The number crystal hydrates for wnich the velues have been inves- 
tigated very small. These values are compared Table From them 
clear that for all salt crystal hydrates the below 75000 atm. 
(which for water), except for and For 
latter, the values are not completely trustworthy the determinations (Raleigh) 
were carried out from -180° end therefore possible that the value 
too low. for appears that the weil-known unusual rapidity 
fact that the solubility depends the coarseness the crystals. That why, 
when consider the low solubility this salt, must also accept the fact 
that this value corresponds the truth. very noteworthy that very low 
values have been obtained for crystals all acids, fact, the values 
ere half great the value for water. higher has been 


calculated for metaphosphoric acid, for which have previously 
ted the formuls: 


this confirmed the fact that the the vapors even 800° 
the vitreous nature the acid, and preparation acid almost 
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water. The usual type vitreous soluble water, and 
even deliquesces, but extremely slowly. 


Very high values have been calculated for LiOH, NaOH, and KOH. This 
forces recall that these substances, with sufficiently small excess 
water, form semi-gelatinous, semi-vitreous masses, and that this leads consider- 
able difficulty when continuous masses the alkalies are dissolved, and when 


TABLE 
Intermolecular Linkage Crystal Hydrates 


Substance 


1.458 0.03156 17200 
0.162 2.8 19100 
1.78 0.0328 32000 
0.105 1.53 0.03036 82000 


they are shipped iron drums. must take into account the fact that magnesium 
oxide has very clearly expressed amphoteric properties which are expressed 
formation cements (Sorel type), and would naturally expect that these would 
also appear which some ways close the alkaline earth subgroup 
(high melting and boiling points the metal, very low solubility rela- 
tively high solubility would natural, therefore that 
and NaCH contain very little water, they might show acid properties. other 
words some molecules LiOH (NaOH) would appear have the structure and 
and therefore, has been experimentally confirmed upon calcination there 
takes place loss water, which can result only from the reaction: 


This also explains the removing the last traces water from almost 
anhydrous commercial caustic alksli, and explains the latter's semi-gelatinous 
form (commercial the form rods chunks). With regard the decrease 
the stability crystal hydrates, these semi-gelatinous properties must appeer 
more than NaOH and than KOH. fa-t, the 
values decrease this order 


very possible that also, the water, only 


coordinated water. This, all probability, also explains the difference 
the 17th and 18th molecules typically intercrystalline polyamphion water, which 
are easily removed, and the remaining water hydration and hydrolysis, which 
more remove. 


late, roentgenographic investigations have shown that only roentgeno- 
grams are obtained for gypsum, that is, for anhydrite, while for 
roasted gypsum combination two roentgenograms obtained. Hence, many auth- 
ors have concluded that the water gypsum zeolite water. But then remains 
incomprehensible why the analyses roasted gypsum always give 


accordance with what was noted the paper the interatomic linkage 
silicates and silicoaluminates, these compounds are for the greater part form- 
not like crystals salts, which grow the precipitation and simultaneous 
dehydration the ions, but from gels, which the processes crystallization 
take place slowly the form, speak, adaptation individual incip- 
ient crystals others, this especially characteristic beryl, with its co- 
ordinations higher order from hexagons form tetrahedrons 
[BeO]* and assume that the arrangement and interactions the 
oxides SOg and are the same nature the crystals gypsum 
those and are beryl, arrive the conclusion that the 
water does not hydrate any the ions. but uniformly distributed among the 
other oxides, that is, not coordinated and not intercrystalline poly- 
amphion nature. does not simply fill celi the crystal skeleton, but 
attached the groups BeO and are attached fundamental hexa- 


seif evident that the ‘nephelites too, although the alkali atoms 
also the celis the fundamental silica skeleton, without these alkaii atoms 
the silica skeleton would not have the same structure that does have 
ite. 


Thus, the water crystal hydrates may be: 


Water intercrystalline polyamphions, that is, excess the amount 
which enters into the composition coordinated ions. Such water, 
slways exists other than the stoichiometric proportion, 
the last two (17th and 18th) molecules has much greater 
vapor pressure than the rest the water. course, even this excess water 
partially coordinated, 


Water hydration, that hydrating water like that which determines 
the colors the hydrate vitriois. This held different degrees stabil- 
which loses its seventh and sizth molecules water very easily. The 
loss the fifth and fourth from takes place more 
easily than the loss the next two. Upon heating, the water from 
from the ottained from takes with part the that is, 
very stably unitei with the latter, contrast the case gypsum, 
which the first molecule water (upon hydration) the last dehydration) 
lost without any particularly noticeable loss true that part 
the latter Jost, only upon very strong roasting clear that one and 
half the molecules water are actually bound weakly the while 
the other hand the first molecule water hvdration) tound the 
forming and diaspore more stable. 


There also variety water hydrolysis, which found 
the form and These three kinds water are not 
sharply differentiated from each other. However, three methods holding the 
water do, without doubt, exist. The presence these three, and the differences 
between them also expiain the ease solution and the ease,of reaction freshly 
precipitated oxides such salts, fact which has long been util- 
ized analytical chemistry. the other hand, precipitates which have under- 
gone are dissolve, because the development crystallization 
and the scaking off, loss, excess water. 


Among the oxides containing water which has been converted into hydroxyl 
form may also include sassolite (370000 atm) which soluble only when 
the water activated boiling. Among the hydrates with part the water 
purely intercrystalline polyamphion form belong the hydrate which has 
very low Ker, and and with very low values 
the other hand, salts with ions high valence have relatively high values 
(56000) account the high coordination Mg, 
account the trivalence worth noting that which 
has almost the same the anhydrous crystal and 
the completely hydrated crystal (82000 and 90000). The singly substituted 
the result the trivalence the aluminun. 


768° 0.168 1.99 
712 0.233 2.32 780 
318 0.162 2.92 480 
0.430 1.91 0.03170 88000 350 
209 0.240 3.55 0.03175 55400 240 


still have review the intermolecular linkage liquid salts, listed 
Table and compare this with the the same salts the crystalline 
condition, listed Table can seen that the values are from 
times great the values the case the halogen compounds, 
while the case the nitrates the between and are not 
great, for and KNOs greater thar which the same phenomenon 
that has been witn regard and ice. 


Thus, may consider that for liquid salts, that is, 
Salts whose crystal has been destroyed, the ratio close 
two. addition there that part the moiten salt coordinated, 
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that is, the molten salt, like liquid water, similar a‘colloidal solution. 
the from the coordinated position (incipient 
the amorphcus surroundings not sharp, but gradual. the other hand, there 
doubt that not only crystal hydrate salts, but anhydrous salts with poly- 
valent ions well are the coordination iimits the gelatinous condition either 
losing their excess water or, the case silicates and silico- 
aluminates, result losing their excess alkali ions. 


TABLE 


the Interatomic Linkage Crystals with the Inter- 
molecular Linkage Liquids 


61000 
55000 
48380 
288000 
74000 
116000 
116000 
50000 
140000 
165000 
56000 
45000 
59000 


Hence may clearly conclude that crystal with anhydrous 


univalent ions having low coordination tendency and the typical gel (like 
that there are all degrees gradual and discontinuous intermediate 
transitions. the other hand, from the almost completely non-i non-ionic almost 
with strongly ionic interchanges and cleariy expressed coordina- 
tions the micro particles, there are degrees discontinuous inter- 


mediate transitions. 


addition, the very high interatomic polybasic acids such 
and without doubt and and even univalent alkalies, show 
that water which has added the oxides, end therefore the oxygen-containing 
anion well, together with the oxygen tke latter, forms hydroxyl, i.e., 
that solution the formula the acid anions does not fully correspond 


The very attraction into the water the result the exchange the hydrating 
water (according the usual the hydroxyis coordinated with 
it, with the hydroxyls the water: 


26000 
59000 
18000 
66000 
42000 
19000 
88500 
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can understood that with this sort interchange attractions, the ques- 
tion solution fundamentally decided the the force attract- 
ion the hydrated water (or, more accurately, the case acid ions, the 
hydroxylated water) into the solution, and the attraction toward the hydrated crys- 
tal hydrate. Hence can understand the empirical rule that salts with 
the order 75000 atm are very soluble water, salts with the order 
200000 atm are very slightly soluble water, and salts with 300000 
atm are insoluble water. the other hand, when there combination 
high-valent ions with low-valent ions, the latter into the water first, i.e., 

they had been hydrolyzed out gel, although the combination, like mica 

orthoclase, may almost completely crystalline. remains for note 
that hydrated cations like [Na [Cu (HO)H are attracted the water 
result predominantly the interchange the hydrogens, i.e., 


may consider that the coordination hydration ions, which the absorp- 
tion the coordinately-hydrated ions into the without doubt determined 
fundamentally the ionic interchange. 


can understood that during the solution univalent ions the one 
hand and high-valent ions the other, many molecules H(OH) add the 
first comparison with the second, and these are added chiefly the form 
result the fundamental interaction during addition. This 
the reason why ions are cations, and only very high become anions 
(for LiOH, NaOH, KOH, 14), and why the are and 
only very are transformed into cations. 


SUMMARY 


for oxygen- -containing salts the order 75000, 
but usually lower. 


Kor for bi-monovalent and monc-bivalent salts the order 
case above 150000, the solubility low. 


Key for bi-bivalent salts 175000 one the ions stably hyd- 
rated, the solubility appreciable. 


above 300000, the substance insoluble. 


Spinel, boric acid: and vitreous metaphosphoric acid are 


polyamphion and crystallo-polyamphion compounds, which the valence the ions 
the polyion high (3). 


The between the atomic linkage and the hardness salts fluctuates 
within narrow limits. 


The ratio between the atomic linkage and the melting point salts fluc- 
within relatively narrow limits, both for salts which the are not 
more than bivalent, and for salts which there are tri- and quadrivalent ions. 


Crystals with tri- and quadrivalent ions are coordination gels 
intercrystalline polyamphion substance the form salts with 
cations lower valence. 


The process solution oyvgen-containing salts consists least 
the hydration ions, the swelling the surface the hydrol- 
ysis and off the lattice and polyion formation, the ions have 


sufficiently high valence. 


10. There inverse ratio (approximate) between the hydration the 
crystal ionically, end their place the subgroup with regard inter- 
atomic linkage and solubility. 


11. crystal hydrates the water intercrystalline polyamphions, 


12. Ker, for crystal hydrates the order 75000 atm, with some in- 
crease the ions high valence. 


13. The crystal hydrates polyvalent ions have high resuit 
crystalline polyamphion valence. 


14. for acids increases the valence the ions increases crys- 
talline polyamphions are formed comparison with 


15. for alkalies decreases the coordination valence their ions 
decreases. 


16. The linkage liquefied salts the same order the 
the corresponding crystals. 


17. There are all fine degrees transition between the typical crystal 
univalent ions with low coordination (CsCl) and typical gels. 


18. There are all degree transition methane and 
molten salt 


19. Tre anions acids are surrounded solution with 
hydroxyls. 


20. the cations are chiefly with molecuies water 
containing hydroxyls oriented the direction these cations. 


The process drawing hydrated ions into solution takes place 
result the ionic interchange the and ions water the hydrated 
ions with the water the solvent. 


The force attraction the hydrated ions into the solution 
the order atm) water. 


23. The why cation-forming tendencies prevail low-valence ions 
that only complete molecules water take part their coordination. 


24. The reason why anion-forming tendencies prevail polyvalent ions 
the presence numerous hydroxyls which hydrate them; these are produced the 
interaction the oxygens the anhydrous anion with water and the resultant 
increase the hydroxyl concentration the solution. 


Received Nov. 10, 1948. 


THE MECHANISM HYDRATION 


THE VOLATILE PHOSPHORIC ANHYDRIDE 


The objective the present work was the experimental confirmation the 
correctness the mechanism hydration the volatile modification phos- 
phoric anhydride, previously deduced theoretically one the present authors 


accordance with this mechanism, the hydration should take place 
the following manner: 


Phosphoric anhydride, after passing quickly through the stage 
adds two molecules water, and transformed into 
phosphoric acid, 


Tetrapolyphosphoric ecid then formed and this splits off the 


a 


ortho give tripolyphosphoric acid the latter splits off 
give pyrophosphoric and the pyrc acid finaliy gives the ortho acid. 


Thus, the initial stage the process hydration addi- 
tion pyrophosphoric acid, tetrapolyphosphoric and tripolyphosphoric acids 
should formec. the present time these not been predicted any 
the investigators who carried out study the hydration anhydride. 


order investigate the mechanism hydration, was first all 
necessary develop system anelysis which would provide for the determina- 
tion acid addition the other phosphoric acids, the 
presence tetrameta, ortho, and pyrophosphoric acids. was first assumed 
that the direct product hydration the metaphosphoric acid theoretically ex- 
pected (see mechanism), the tetrapolyphosphoric acid, being unstable substance 
(it known that attempts synthesize its salts unsuccessfully) would 
not detected, and therefore, would have influence the determination 
the tripoly 


was assumed that the method volumetric determination thé pyro acid 
Britske and Dragunov was not specific for pyrophosphoric acid but for the 
group acids, and would give only the overall content polyphosphoric acids. 
fact, was confirmed: solution sodium tripolyphosphate neutral 
orange, which contained the tripoly acid the form ions, 
upon addition solution neutral, became sharply acid (the 
methyl orange turned red), although precipitate was formed (in contradistinction 


this based the method which worked out for the de- 
termination the tripoly acid (combined with the pyro acid), method 
using means the acidimetric titration acid, sugges- 
phosphoric acid tripolyphosphate made neutral methvl orange 4.2 
ammonium nitrate (15 zinc sulfate and ammonium nitrate per 100 
water), which has also first heen neutralized with methyl orange ~4, 
added. The resultant solution titrated with 0.1 alkali solution 
During the neutralization and titration MacIlwaine's buffer mixture 
used. view the fact that the use the theoretioal titre alkali gives 
low results for the tripoly acid, the titre must determined with pure sodium 
tripolyphosphate. However, for amounts the tripoly greater than 
mg, possible practice use the theoretical titre, increasing 
10%. 


this method gives the overall amount tripoly and pyro phosphoric acids, 
also developed method for the quantitative gravimetric determination pyro- 
phosphoric the presence tetrameta, tripoly, and orthophosphoric acids. 
This permitted determine the pyrophosphoric acid amounts and up. 


The method developed can reduced the directions: 
then methyl orange introduced, and 1:1 acid carefully added 
until the acidity the solution 3.2. Then solution zinc 
acetate added until the 3.4 the solution allowed stand 
for day. The precipitate off washed with 
chloric acid, and toward the end washed water then roasted. 


control help attain the necessary concentration hydrogen ions, Mac- 
Ilwaine's buffer mixture used. 


During the development this method was found that tripolyphosphoric 
acid very greatly slowed down the precipitation the zinc pyrophosphate, and 
that the content tripoly acid was much higher than that the pyro acid, 
general there was pyrophosphate precipitate. 


solution alkali was prepared for the volumetric determinations 
from chemically pure caustic soda potash, and the carbonate removed precip- 
itation with barium nitrate. The excess barium ions was removed from the sol- 


ution the addition the calculated amount sodium potassium sulfate. 


The methods analysis used during the investigation led the following 
measurements: 


The determination the orthophosphoric acid was carried out silver 
acidimetric titration Balarev's method, which based the precipitation 
the with excess and the titration the ions thus 
liberated: 


The determination the pyrophosphoric acid was carried according 
the directions given above. 


The the tripolyphosphoric acid was carried out the 
method developed. The tripoly acid was calculated from the amount 
alkali used titration, subtracting the used for the pyro acid which had 
found. 


The tetrametaphosphoric acid content was calculated from the difference 
between the total amount phosphorus solution and the amcunt present the 
ortho, tripoly, and pyro acids. The determination the tetrameta acid was also 
carried out using method the filtrates after pre- 
cipitating the other phosphoric acids with silver nitrate and then 
the acidified filtrate order transform the meta acid into the ortho 
acid. This method determination appeared possible because the fact that 
the phosphoric acids here mentioned only the tetrametaphosphoric acid was 
precipitated silver contradiction the data the literature. 
Treadwell and Hall [3] claim that metaphosphoric acid obtained the solu- 
tion anhydride water forms “an additional silver metaphosphate, 
soluble ammonia and mineral 


control, the determination the ortho acid and the total 
pyro plus tripolyphosphoric acids was carried out acidimetrically, the 
method Sabatier. The end points (pH) during these titrations were determined 
calculation, starting with the corresponding dissociation constants and the 
measured concentrations acids which had been found preliminary titrations. 


indication the formation tetrapolyphosphoric acid, which 
the present time had not existed the perspective analytical chemistry, 
the precipitates silver phosphates formed during the silver acidimetric titra- 
tion were weighed, and the vaiues obtained were compared with the results obtained 
recalculating silver.salts the quantities ortho, pyro, and tripoly acids 
wnich had fourd. comparing trese and other results, confirmed the cor- 
rectness the analysis which had teer carried out, and testified the absence 
higher polyphospkoric acids. The increased weight the precipitate 
comparison with the weight calculated served confirm the presence another 
acid, addition the ortho, pyro, and tripoly phosphoric acids. 
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the method titration, according Britske and Dragunov, was apparent- 
group method for the polyphosphoric acids, difference between the re- 
sults obtained for pyrophosphoric acid the volumetric and gravimetric methods 
could not serve during the present investigation satisfactory index the 
formation the tripolyphosphoric acid. order demonstrate tne presence 
the latter. carried out its precipitation the form the difficultly solu- 
sodium zinc aalt. This reaction, which capable serving qualitative 
test for the tripoly acid, was carried out the following manner: during the 
investigation hydration acid medium, after the solution the anhydriue had 
been allowed stand room temperature for was neutralized 
with caustic soda 3.5, and there was added concentrated solu- 
tion zinc acetate. After hours, the precipitated zinc phrophosphate was 
filtered off (at this pH, zinc orthophosphate remained solution), and the 
filtrate there was saturated solution sodiium chloride. After 
days crystalline precipitate appeared the solution, microscopic investiga- 
tion showed this have the form prisms. 


analysis the precipitate, dried 200°, gave the following 
results: 


The composition the salt, which corresponds the 
should the following: 


The precipitate, washed with alcohol and ether and dried the air room 
temperature, contained 26.4% water. Thus, was determined that the precipi- 
tate had the composition which completely corresponded 
the data the literature ahout tripolyphosphoric acid [4]. 


The same crystalline precipitate could similar manner from 
solution phosphoric anhydride during the investigation its hydration 
alkaline medium. 


The Preparation the Original Sample Phosphoric Anhydride 

Commercial phosphoric anhydride, known, not chemical individual. 
mixture volatile modification the anhydride (with molecular 
lattice) and non-volatile modifications ccordination lattice). 


The volatile was obtained sublimation the commer- 
cial sample current dry oxygen glass tube temperature not higher 
than 


Tne sublimed anhydride was transformed into solution introducing smeli 
porticns from box with stirring into water which had been cocled 
But this method could not prevent the polymerization certain portion 
the anhydride result the highly exothermic nature the reaction, and 
the formaticn some sort colloidal phosphoric acids the form curds. 
These curds were immediately filtered off. 


The hydration the volatile modification was carried out acid and alk- 
aline media. 


the first case, the solution phosphoric anhydride was kept 
room temperature, the second was immediately made alkaline 
with the calculated amount sc*a. from carbonates and chlorides, 

and then boiling water closed glass flask. 


III. The Hydretion Fhosphoric Anhydride Acid Medium 


solution the volatile modification phosphoric anhydride which was 
used for the investigation was 0.1858 molar phosphorus liter solution 
contained phosphoric anhydride). The molarity the solution with 
regard phosphorus was determined volumetrically, titration with solution 
alkali, using methyl orange. The temperature the solution fluctuated during 
the course the investigation within the limits 19°. 


For the volumetric determinations, solution was removed with pip- 
ette; for gravimetric determinations pyrophosphoric acid was 
used. 


The alkali solution used for titration had correction factor 


Table l-are listed the results obtained; the curves (Fig. the re- 
sults given are recalculated percent phospnorus present each the acids 
found. 


TABLE 
Total phosphorus content each test equal 28.8 


No. 
dration 
hrs. methyl Britske- 
Dragunov 


accordance with the theory, have chain consecutive reactions: 
each which monomolecular form and characterized the velocity: 


The decomposition each molecule gives rise molecule 
but addition the formation the molecules there also takes place 
their with the velocity: 


Hence the experimentally observed accumulation the intermediate product 
the change the concentration the preceding product (Curve [Xn] f(t)). 


After interval dt, the accumulation intermediate products is: 
its decomposition: 


differences 


‘ 


or, sum up: 


are related each other derivative its 
function, particular. therefore, point 
pond maximum the curve [Xn] f(t). 


The results the investigation show that, 
during the first stage the process the hydra- 
tion the pyro acid, was expected, 
not observed; this accord with the theor- 
etical mechanism given above. 


The ratio the amount phosphorus 
ortho tripoly Fig. 1-Tripolyphosphor- 


+} 
more and more the pyro acid formed, the acid; 3-Pyrophosphoric acid; 


€quation that holds (Table is: acid 

This a.confirmation the fact that the process 
hydration takes place according the theoretical mechanism given page 140i, 
accordance with which each the tetrameta acid, being hydrated, pro- 
duces molecule ortho and molecule tripoly acid: 


for each atom phosphorus tied the ortho acid, the tripoly acid formed 

with atoms phosphorus. Moreover, result the hydration the tripoly 
acid, one molecule the tetrameta acid gives two molecules ortho and mole- 

cule pyro acid: 


For each atoms phos- 
phorus the ortho acid, there 
the pyro acid formed. 


order detect any 
tetrapolyphosphoric acid, the 
precipitate silver phosphates 
obtained the silver acidimet- 
ric titration was filtered 
through porcelain filter crucible, dried 130°, and weighed. Although the 
first test the weight found was great the sum the 
Silver tripolyphosphate and the basis the results 
obtained the volumetric determinations, the second and the subsequent 
tests the weight egreed with This fact indicates that dur- 


} | 
oc 
Test ortho- ortho- 


IV. The Hydration Pnosphoric Anhydride Alkaline Medium 
The investigation was carried out two solutions. 


The first solution was 0.2269 molar phosphorus liter solution con- 
tained 16.11 phosphoric anhydride) and 0.57 normal alkali. 


The second solution was 0.2730 molar phosphorus liter solution con- 
tained 19.40 phosphoric anhydride) and 0.48 normal aikali. 


The content phosphorus the solutiors was determined gravimetric 
magnesia method, after transforming the acid into orthophosphoric acid acidify- 
ing the solution with nitric acid and boiling. For volumetric determinations, 
solution were removed with pipette, for gravimetric determinations the 
pyro acid, 1.5 ml. 


Tables and are listed the data obtained the investigation the 
first and second solutions. For greater convenience the comparison the re- 
sults titration with acid and with the milliliters consumed are recal- 
culated milliliters strictly tenth normal solutions. 


TABLE 


Total phosphorus content each test equals 


Solution 


weight 
Britske 


TABLE 
phosphorus content each test equals 25.4 mg. Solution 


Amounts acids 
Test ime alkali used ti- Gain found. mg. 
tration, ml. 


methyl phenol- 
orange 


No. 


Test 
16.4 0.10 none 1.5 0.3 
117.2 2.4 1.0 none 12.0 none 
13.15 2.9 1.1 none none. 
about about about 
poly 
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order any acid, the precipitates silver 
phosphates obtained the silver acidimetric titration the ortho acid were 
filtered off and weighed the same way during the investigation hydration 
acid medium. The content acid was calculated difference, and 
was determined parallel the gravimetric magnesia method the filtrates 
from the silver phosphates. The results obtained for the second solution are 


listed Table 


tion silver phosphates, meta (in Differ- 


min 


° 


135 
229 
135 
180 252 


° 


The data Tables and recalculated percent phosphorus, are 

given the general graph (Fig. 2), insofar as, despite some difference the 
composition the and second solutions, the points the graph correspond- 
ing them lie one and the same curve. 


The results the experiments 
carried out the process hydra- 
tion show that under the conditions 
described for the experimerts, the 
hyGration phosphoric acid takes 
place more quickiy alkaline solu- 
tion then acid. 


alkaline medium, acid, 
pyro acid formed during the first 


stage The pyre acid can 
observed with complete certainty 


hydration. However, when take into 
account the interference the con- 
siderable amounts tripoly acid 
the precipitation the zinc pyro- Fig. acid, 


phosphate, connection with the 
course the curve for the formation 
the pyro ‘Fig. 2), apparently 


acid, 3-pyrophos- 
phoric acid, 4-meta, found; 5-meta, 
calculated 


considerable amounts the are 
already formed even from 1.5 hours after the beginning hydration. 


While the curves and alkaline medium dif- 
fer little nature from the corresponiing curves for hydration acid 
the curve alkaline higher and more sharply ex- 
pressed maximum. amount acid before the formation 
the pyro acid exceeds phosphorus the ortho acid not 


great. However, on, with the the pyro acid, the equation 
which holds 
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Test 
No. 
117 
178 12.2 6.5 
254 2.2 0.3 


The concentraticn tetramete acid calculated difference, during the first 
stage hydration alkaline medium exceeds the amount tetrameta acid found. 


All these results, which differ from those obtained during the investigation 
hydration acid medium, well the fact that the amount silver phos- 
phetes found the first stage exceed the calculated amount (lst, 3rd, and 
tests, Table point the fact that during the first stage hydration 
alkaline medium some sort polyphosphoric acid formed (in addition the 
pyro and tripoly acid), which titrated the method, and 
soluble silver salt. 


assume that during hydretion alkaline medium tripolyphosphoric 
acid formed the first stage the process amounts which correspond 
the ratio: 


3(P 


ortho- pyro- 


and take into account the amounts unhydrated tetrameta acid found (Table 5), 
then can calculate the amount phosphorus which goes into this polyacid for 
the second solution the alkaline hydration. 


These calculations for i5, 45, and minutes elapsed hydration (2nd, 3rd, 
and 4th tests) are listed Table (In view the small amounts 
used the titration the first test, and the considerable relative errors which 
result the because this, the resuits the first are dis- 
regarded these calculations). 


TABLE 


“15 minutes minutes 


Found Calculated Calculated, 


Meta, found 


Meta, decom- 
posed 


86.6 


Tripoly- 40.2 


Remaining 
phosphorus 


accordance with the theory, the unknown acid formed under the conditions 
alkaline hydration the tetrapoly acid, and the last line Table thus 
expresses the content this acid percent the amount phosphorus going 
into it. can verify this statement calculating the theoretical total weight 
silver precipitates under the assumption that "remaining the 


tetrapoly acid, and comparing the results the calculation with the experimental 
data Table 


Table shows that the silver precipitates theoretically calculated 
this manner agrees with value. 


The the modificatior phosphoric anhydride 


TAB‘LE 


Weight total 
silver phosphates, Differ- 


ence, 


PERCENT 


THAE IN 


alkaline (0.25 molar with regard 
phosphorus and 0.5 with regard alkali) 


acid; 
phosphoric acid; thus presented graphically 


5-tetrapolyphosphoric acid. 
With regard the theoretical mech- 
anism given page 1403: 


Fig. 1-Tripolyphosphoric 


The first product hydration observed, the metaphosphoric acid, 
according experimentai curve for reaction the first order. 


The direct preduct hydration the meta acid is, doubt, tet- 
rapolyphosphoric acid; this clear from the fact that from the very 
beginning doubtless has its final value, and that the rising part the curve 


The tripoly acid not formed directly from the meta acid, but the 
direct decomposition the tctrapolyphcsphoric this clear 
the fact that the rising part the curve f(t) point inflec- 
tion, corresponding the time for the the 
the velocity formation greatest exactly when the hydration 
which formed, the its highest concentration. 


The pyro acid, following the product hydra- 
tion. appears the solution after all the other acids. 


The curve f(t) does not express equation for reaction 
the first order, the first stage the process, when the formed chief- 
because the relatively rapid hydration the velocity constant for 
the accumulation relatively great, but the second stage when the 
formed because the slower splitting off from 
relatively small 


sufficiently thorough comparison the theory with experiment all de- 
tails permits confirm the fact that the problem the mechanism hydra- 
tion the volatile modification phosphoric acid has been solved. 


SUMMARY 


has been shown that all the previously proposed mechan- 
isms for the phosphoric anhydride and the experimental investiga- 
tions this process are inadequate, thev not take into account the parti- 
cipitation the process the acids intermediate pro- 
ducts; these are the tetrapoly acid and the tripoly acid 


volatile modification phosphoric toth acid and alkaline 


Dura- 
tion 
min. 
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a 


medium takes place corresponding the mechanism which has been deduced from the 
theory anhycrides and higher phosphoric acids, proposed ore 
the authors (see page 1401). 
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THE PHYSICO CHEMICAL INVESTIGATION IODINE SOLUTIONS 


VII. THE SYSTEM HEXAMMINO 


Ya. Fialkov and Shevchenko 


Department Inorganic Chemistry Kiev State University 


The polyhalides now known may divided into four groups acccrding the 
number halogen atoms attached single equivalent cation: tri, penta, 
hepta, and nona polyhalides. 


the inorganic polyhalides with simple (non-complex) cations, 
representatives only the lowest these groups are known. There are few ref- 
erences the literature the isclation from solution, and moreover unsolv- 
eted condition, such KI7, CsI7, and impossible 
consider them substantiated, and they can justifiably disputed. 


These facts can explained the basis the hypothesis that polariza- 
tion plays part the mechanism formation compounds the polyhalide 
type and the factors determining their stability. This close relation 
the polarizability the coordinated halogen molecules and the 
polarization effect, which makes its appearance this connection the cations 
polyhalides. 


The most stable the polyhalides are therefore the polyiodides, 
cations have large ionic radius and inert-gas electron shell, and therefore 
have very weak polarizing action. The polyiodides cesium, for example, are 
this type. 


The higher, the hepta and nona, polyhalides, are known for few organic 
halides. whose complex cations are characterized large ionic radius. 
ples are the polyiodides the tetra-substituted ammonium bases: 


etc. 


connection with these facts, the production and investigation inor- 
ganic polyhalides with complex cations interest. Such compounds are yet 
known only very small number. They are mostly the polyiodides the ammines 
few metals (Ni, Co, Cu, Zn, Cd), obtained from aqueous sclutions Ephraim. 
and 


compounds this type can refer the carbamidates trivalent 
metals (Fe. Co, Al), such 


Starting from the considerations indicated above about the factors 


stability the polyhalides, investigation solutions the 
complex ammino compounds liquid iodine the methods physico- 


chemical analysis. 


the communication, there description the results the 
investigation the system Iodine. 


were chiefly interested the question what were the compounds rich- 
est iodine that could formed this system. 


Polyiodides nickel tetrammino compounds were obtained Ephraim and Mosi- 
precipitated out the solution, depending the molar ratio 
ammino compound and iodine. for mole nickel ammino compound there were 
and moles iodine, the polyiodides formed were the respective com- 


positions: 


moles iodine were used per mole ammino compound, part the 
iodine remained solution and formed product whose compcsition was close only 


Upon reviewing these experimental data, our attention was drawn the fact 
that even those cases where nickel hexammino was used the starting 
-material, the polyiodides the nickel tetrammino compound were obtained. Ephraim 
and Mosimann not the cause this 


the opinion Ephraim and Mosimann, these four polyiodides nickel 
ammino compounds ccrrespond far from sharply defined members series 
compounds. Depending the amount iodine used, different amounts are 
added, not always corresponding the total number atoms, give contin- 
uous series iodine-containing solid solutions. 


connection with these results, decided investigate the system 
iodine the method thermal analysis. addition, decided 
study this system its electrochemical aspects determine the 
electrical and the nature the electrolyte, and compare 
this respect with others the previously studied iodine iodide systems 
which were like it. 


EXPERIMENTAL 


The hexammino iodide nickel was obtained the following [2]. 


was dissolved hydriodic acid. The excess acid was first neutral- 
ized with solution ammonia, and then large excess the latter was added. 
The precipitate which formed during this, the difficultly soluble (in the cold) 
was then recrystallized from hot aqueous solution, washed first with 
solution ammonia, then with alcohol and alcohol and 
ether and dried 60-70°. 


The compound wes obtained the form violet-blue finely crystalline 
powder. 


Chemical analysis the compouni confirmed the fact that was 
pure 


The iodine was purified the preceding communications. 


After numerous sublirations ani tre point the iodine was 
indicated the high degree purity the preparation. 


: 

: 


Thermal analysis 


order the crystallization temperatures the system 
iodine, used the vessel work Fialkov and 
Kuzmenko for the thermal analysis the systems iodine potassium, 
and thallium iodides. The procedure the experiment also described there. 


The temperature: was measured after every minute with ther- 
mometer containing divisions 0.1°. First determined the hardening tempera- 
ture the molten iodine, and tnen sample into 
the vessel, increasirg its concentration gradually. order make sure that 
the iodide dissolved, the vessel was first maintained air thermostat (with 
periodic shaking) such temperature that the reaction mass was molten 
condition. The crystaliization temperature was then determined. The experiment 
with each sample was repeated times. until constant values were obtained, 
with variations which did not exceed few tenths degree. 


higher concentrations the color the hardened melt 
changed from metailic gray for pure iodine reddish-brown. 


the method thermal analysis were investigate the system 
solubility the nickel hexammino iodide was reached molten iodine under the 
conditions the experiment 


carried fcur the results which are listed 
Table 
TABLE 


Arrest 


— 


Arrest point 


104.1 
89.2 


the melting point diagram the system iodine (Fig. 1), 
and 94.3°, dystectic with 11.1 mol.% nickel hexammino 
iodide corresponding the nonapolyiodide 


ferred the Investigation this system high 
was already result reaching the limit the 
the molten iodine. 


representative the incrganic 


131.9 

133.4 


Nickel hexammino nona- 
polyiodide, obtained 
melting together stoichio- 
metric amounts 
and iodine, finely crys- 130 
substance with dark 
gray color. decomposed 


water with the evolution 
bubbles gas. The solu- 

tion colored red-brown. 
Upon treatment with ether 


partially decomposed, 
giving part its iodine; 


there remains product whose 
composition close thet 

The Electrical Conduc- 


tivity the System 


Ro 
The measurements elec- 
conductivity were carried Fig. Melting point diagram the 
out flask the form which system 


nas described the work 


[s]. 


The electrical conductivity was measured 130 and 140° thermostat 
with oil. The fluctuation the temperature during the period the 
experiments did exceed The minimum sound for pure iodine was somewhat 
dull and diffused, for melts all concentrations was very clear. 


each series experiments, the electrical conductivity the molten iod- 
ine was first determined, and then the electrical conductivity solutions con- 
tinuously increasing concentrations iodine. These solutions 
were prepared directly the vessel for the electrical conductivity. 
The vessel with the melt was first mainiained for some time the temperature selec- 
(for complete solution the sample iodide) and the 
was then measured. The experiment was repeated times, until constant 
vaiue the electrical conductivity was obtained. 


The results the measurements are listed Tabie 


The system has great electrical conductivity even 
low concentrations the iodide. Even concentration 0.22 mol.% 
the electrical conductivity the molten iodine. 


the concentration the increases the specific electrical 
conductivity first increases sharply, and even only reaches value 
the order 0.1 Upon further increasing the concentration the 
nickel iodide, the increase the specific conductivity 
down. After reaching value ohm? the specific electrical 


conductivity remains constant. 


The value the electrical the appearance the isotherm 
specific electrical tre iodine are very 
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TABLE 
Electrical conductivity the system iodine 


Molar percent Specific electrical Dilution Molecular electric- 


130 140° 130 


Fig. Isotherm specific elec- Fig. Isotherm molecular 
trical conductivity. electrical conductivity. 


However the temperature coefficient the electrical the 
system iodine has positive value even the region very low 
concentraticns iodide, while for the other iodide solutions just cited the tem- 
perature coefficient electrical conductivity first negative, and acquires 
positive value higher concentrations the iodides. 


The isotherms molecular electrical KI, 
and carry the further isotherms electrical conductiv- 
ity these systems referred the anomalous curves. With 
increase the concentraticr iodides tre electrical conductivity 
quickly increases, reaches maximum value, and then falls. The isotherms 


12.62 615.5 131.3 
12.81 607.1 128.7 
3 '5O 
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specific and molecular electrical conductivity are given Figs. and 


The specific gravity the solutions TABLE 
nickel hexamminc iodide molten iodine 
was determined 130° pycnometer with Specific gravity the system 
graduated neck The values the iodine 130° 
specific gravity are shown Table Molar percent 


order decide the question 
the nature the the system 
clear the molecular composition the 
nickel hexammino icdide the iodine solu- 
tion. 


With this purpose carried out cryo- 
scopic measurements the system 
For our calculations the molecuiar weight utilized the values 
the cryoscopic constant for iodine determined Beckmann and equal 204 
for 100 The results the measurements the values 
the molecular weight the nickel hexamaino iodide are listed Table 


TABLE 


Weight 
percent 


Weight iodine, 


191.4 1169 
258.1 1591 
333.4 
411.8 2648 
501.7 3300 
440.9 2964 
380.0 2617 
337.6 2381 
295.3 2188 


69.0310 


OOO 


Just the work Fialkov end Akselrud [$], calculated the molecu- 
lar weight the basis the dissolved subsvance, with and 
also the basis the polyiodide with Mo. 


The molecular weight the nickel hexammino well the 
nonapolyiodide the region low was considerably less than 
that the formula. With increase the concentration the 
iodide first increased, became than the value corresponding the 
formula then began decrease. 


similar change the value the molecular weight with the concentration 
iodide, calculated from the cryoscopic data, had also been observed the 


iodides has also been cryoScopic the excellently current-conducting iodine 


3.9174 
0.3660 
1.1704 
1.4599 
1.7507 
1.9978 
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— 


comparison these data with the increase conductivity ob- 
served both these systems during the increase the concentration iodides 
(fable and Fig. leads the following conclusion about the nature the 
electrolyte the system low concentrations the 
iodide, the particles are products the electrolytic dissoc- 
the monomeric molecules the polyiodides (or also the molecules 
the concentration the iodide the iodine solution in- 
creased, the molecules are associated, result which their 
molecular weight begins increase, and becomes greater than the theoretical value. 
But during all this, the electrical conductivity the system not only not 
decrease, but continues increase. 


Similar results about the increase electrical conductivity during the 
simultaneous increase the degree association complex molecules have often 
been observed investigation anhydrous solutions [11,12]. great number 
such have teen described researches the Inst. Gen. and Inorg. 
the Acad. Sci. USSR 

This relationship the process association the molecules the 
polyiodides and their electrolytic dissociation iodine solutions bound 
with the increase the concentration iodides, and again decrease 
the apparent molecular weight determined the cryoscopic method. 


SUMMARY 


The polyiodides the system iodine has been 
the method analysis. The nonapolyiodide has 
been the melting point diagrem this systen. 


The results thermal electrical conductivity measurements, 
cryoscopic measurements, and comparison the results obtained with the date 
the literature lead conclude that the electrolyte the system 
iodine consists both monomeric and associated molecules the 


nonapolyiodide 
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THE TERNARY SYSTEM 


CALCIUM, AND SODIUM NITRATES 


Department General and Chemistry the Molotov Rostov State University 


investigation the melting point the ternary system 
calcium, potassium and sodium nitrates forms part cur investigation mutual 
quaternary systems nitrates and nitrites these metals. 


the system, the surfece the liquidus was investigated visuel- 
method physico-chemical analysis. The melting point diagram 
this system was first studied Menzies and Dutt who determined ternary 
eutectic point 175° and the composition: 33% mol. equiv. calcium nitrate, 

1.9% mol. equiv sodium and 15.1% mol. equiv. potassium nitrate. 
The electrical conductivity the salt melts this system was 
and 4.G.Bergman, and the specific gravity and viscosity the 
ternary system potassium, and calcium nitrates was stuied A.G.Berg- 
man, together with N.E.Shmidt and The isodensity diagrams the 
above-named had the character smooth running parallel 
the sige nitrate potassium nitrate, they indicated considerable increase 
the specific gravity when the concentration calcium nitrate the salt melt 
was increased. 


The isoviscosity diagrams the same temperatures the isodensity dia- 
grams showed sharp increase viscosity with increase the content cal- 
cium 


The binary system potassium nitrate sodium nitrate has been studied 
many authors: [2], Brisco and Madgin [3], A.G.Bergman and N.M.Veksberg [4] 
and others. 


The study this system which repeated gave results good agreement 
with the results the two preceding The results the experimertal 
investigations are listed Table and Fig. 


The system potassium nitrate sodium nitrate good illustration 
the dependence the form the curve for cooling heating the velocity 
cooling. This fact explains, has shown [4], the discrepancies 
with the results Hissinc [2]. the heating curves, definite eutectic pauses 
are observed fairly broad interval, which the cooling curves not 
have any. Therefore, construct composition property diagram the 
basis the cooling curves, obtair diagram which illustrates the formation 
continuous series solid solutions, with minimum. diagram obtained 
from the form the heating curves shows the formation solid solutions with 
limited solubility on-two sides. Tre more the heating and cooling are 


TABLE 


Binary system: sodium nitrate potassium nitrate 


first 
KNOs crystals 

282 17.5 82.5 273 


carried out, the more closely these 
two types diagrams fuse into one. 


The formation continuous ser- 
ies sciid soiutions potassium and 
sodium nitrates can explained the 
well known fact that solid solutions ob- 
tained cases where the substances 
have identical similar crystalline 
structures, with cells almost the 
same dimensions, not very different 

Fig. atomic ionic radii, and melting 
points close each other. have all 
the enumerated properties, comparison 
shows, for the nitrates potassium and 


The binary system sodium nitrate calcium nitrate has been stidied Men- 
zies and Dutt [1], who gave melting point diagram with eutectic 236.5° and 
the composition: 33.3 mol. equiv. sodium nitrate and 66.7% mol. equiv. cal- 
cium nitrate. 


three-fold repeated investigation system, carried out us, confirmed 
the general character the diagram, but gave other the eutectic point cor- 
responded temperature 232° and composition 54.1% mol. equiv. sodium 
nitrate and 45.9% equiv calcium nitrate (Table Fig. 2). 


The liquidus curve had two branches crystallization: calcium nitrate branch 
descending the eutectic point and smooth branch rising almost 
streight line for the sodium nitrate. The branch for the crystallization the 
calcium ritrate cculd followed from ordinate with the composition: 80% mol. 
equiv. and 20% mol. equiv. 454°; above this temp- 
decomposition the salts began. 


The binary system potassium nitrate calcium nitrate was studied Menzies 


232 


gruent compound: which 
with eutectic 145°. The trans- 
ition point the com- 
position 55.5% mol. equiv. potas- 
sium and 44.5% mol. equiv. 
calcium nitrate. The ordinate the 
compound: 33.3% mol. and 
67.7% mol. was determined 
A.P.Rostkovsky means the heating 
and cooling curves. addition, 
studied the micrograms the melts 
different parts the diagram, and 
was able observe needle-shaped 
crystals the compound cited above. 
Numerous repeated measurements the 
points melts this binary 
system confirmed the conclusions 
P.Rostkovsky and the nature the 
melting point diagram. eutectic 
point the same composition was ob- 


The liquidus curve had three 


this shown the dotted lines). 


and Dutt already cited and Prof. A.P.Rostkovsky 
ors gave melting point with eutectic 210.5° and composition 
75% mol. equiv. nitrate and 25% mol. equiv. potassium nitrate. 
investigations A.P.Rostkovsky led other results. found double incon- 


Fig. 


Temp. 


Point Percent mol. equiv. Temp. Percent mol. equiv. 


first 


236° 
255 
263 
271 
278 
287 
303 
308 


The first auth- 


crystallization (Fig. Table 3). There was calcium nitrate branch, dropping 
sharply down the eutectic very shcrt branch the incongrous compound, 
rising from the eutectic the transition point 174°, and steeply rising 
branch for the crystallization the potassium nitrate. The branch for the crys- 
tallization the calcium nitrate could followed ordinate 75% mol. 
composition calcium nitrate, atove 403°, decomposition began (in Fig. 


study this presented experimental difficulties. 
result the great viscosity salt melts, the velocity the formation 


crystals 
100 
400 
300 
232 
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TABLE 


moi. Temp. Point Percent mol. equiv. Temp. 


No. erystals crystals 


and growth crystals was considerably slowed up, and consequente supercooling 
the melt place, and the temperature which the first crystals were form- 
the middle the diagram was from 80° too low. The 
primers, and energetic rubbing the walls the tube with stirrer did not 
always produce the desired results, and therefore some points were determined 
the disappearance the crystals, during very slow and careful heating. 


room temperature transparent vitreous mass was obtained with high coefficient 
expansicn. tubes which were stand with the hardened glass 
cracked. but the transparent colorless glass, which was stable room tempera- 
ture, was easily devitrified the action the moisture the air. 


Ternary Sections 


order study the sodium, potassium, and calcium nitrates 
melts, and make clear the nature the space melting point diagrams, eight 
cross-sections were made. From the calcium nitrate potassium nitrate side 
the triangle, sections II, and III were made toward the corner; from 
the calcium nitrate sodium nitrate side, section IV, VI, VII, and VIII were 
Their nature and distribution are shown Fig. 


TABLE 
mol. equiv. Temp. 


first 


Percent equiv. Temp. 
first 
crystals 


Pt. 
No. 


Cross-section 40% 60% has two branches crys- 
tallization: slightly concave potassium nitrate branch, and convex, open rising 
calciun nitrate branch. The transition point corresponds temperature 160° 
and composition: 20% equiv. 48% mol. equiv. and 32% mol. 


52.5 47.5 171 309 
165 
Pt. 
No. 


equiv. (Fig. Table 4). 


vitrification was observed over the entire extent the curve 
this section. Along the branch for the crystailization the potassium nitrate, 
between the ordinates composition 20% sodium nitrate the meit thet formed 
had viscous consistency which made tne process and the 
mination the appearance the and the disappearance the last crystais 
more aifficult. 


Section 60% 40% had two branches crystal- 
lization: steenly descending calcium nitrate and open, rising branch 
for the crystallization the sodium nitrate. 


The transition point corresponded temperature 158° and the composition: 
20% mol. equiv. 48% mol. equiv. 32% equiv. 
(Fig. Table 5). 


TABLE 


Pt. Percent mol. equiv. 

first 
| , ~~ 


260° 
238. 
212 
182 
158 
168 
176 


Along the branch for the the calcium nitrate between the 
ordinates composition:13 sodium nitrate, glass formation 
was observed, this made the process very difficult. 


more and more scdium nitrate was aided, the tendency towerds supercooling 


232° 
337° 
first 


at) 


decreased, and further along the branch the liquidus, the crystallization 
sodium nitrate took piace normally. 

Section III. 75% 25% had two branches 
crystallization: branch fcr the crystallization calcium nitrate, dropping 
steeply the transition point, and branch for the crystallization sodium 
nitrate, rising smoothly from the point. 

transition point corresponded temperature 210° and composition: 
mol. equiv. sodium nitrate, 47% mol. equiv. calcium nitrate, and 16% mol. 
equiv. potassium nitrate (Fig. Table 


TABLE 


Percent mol. equiv. 
first 
crystals 


Percent mol: equiv. 


210° 
218 
229 
255 
287 


Along the this section glass formation was observed. Along the 
branch for the crystallization the calcium nitrate, between the ordinates 
composition from 30% mcl. equiv. nitrate there was tendency 
supercooling, which disappeared the concentration sodium nitrate was in- 
creased. 

Section IV. 40% 60% had two branches 
crystallizaticn: branch for the crystallization sodium nitrate, descending 
smoothly the transition point, and branch for the potassium nitrate, rising 
straight line from the transition point. 


The transition point corresponded temperature 187° and the composi- 
tion: 45% mol. equiv. potassium 22% mol. equiv. calcium nitrate and 
33% mol. equiv. sodium nitrate. Along the lines this cross section, glass 
formation was observed, and took place normally. Table 7). 


TABLE 


Percent mol. equiv. Temp. Percent mol. equiv. Temp. 
Pt. Pt. 
-first first 


crystal 


Temp. 
48.5 16.5 221 
| 
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The object sectionsI and was determine the spot where the line 
simultaneous crystallization was crossed, separating the regions crystailiza- 
tion sodium and potassium nitrates. 


The object sections and III was determine the spot where the line 


crystallization was crossed, separating the regions cyrstalliza- 
tion calcium and sodium nitrates. 


crystallization: calcium nitrate branch, dropping steeply down the transition 


point 215°; sodium nitrate branch, dropping smoothly from the point 215° the 
second transition point 168°; and branch for the crystallization potassium 


nitrate rising steeply from the second transition point (Fig. Table 8). 


Percent mot. 


29.5 168 
183 
202 
220 
16.5 13.5 251 
265 
297 


Section has two transition 
points: the first corresponds 
temperature 215° and the composi- 
tion: 12.5% mol. equiv. potassium 
nitrate, 48% mol. equiv. calcium 
nitrate, and 39.5% mol. equiv. sod- 
ium nitrate; the second 168° and 
the composition: 46% equiv. 
potassium nitrate, 29.5% mol. equiv. 
calcium nitrate and 24.5% mol. 
sodium nitrate. glass- 
formation was observed along the 
line this cross section, and the 
salt crystallized normally. 


Section VI. 70% 


for the crystallization calcium 


nitrate, dropping steeply down the 
transition point 162°; branch for 
the crystallization sodium nitrate 
dropping directly from the transition 


162° the transition point 
branch for the crystalliza- 
“tion the incongruent compound 

rising smoothly from 


Section 
TABLE 
Temp. Per cent mol. equiv. Temp. 
és 
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the point 142.5° the transition point 162.5°; and branch for the 
crystallization potassium nitrate, rising steeply from the transition point 
162.5°. 

Section had three transition points, which corresponded the 
tures and compositions: 162 and 31.5% mol. equiv. potassium nitrate, 48% mol. 
equiv. calcium nitrate, and 20.5% mol. equiv. sodium nitrate; 142° and 42.5% 
mol. equiv. potassium nitrate, 40% mol. equiv calcium nitrate, and 17.5% mol. 
equiv. sodium nitrate; 162.5° and 50% mol. equiv nitrate, 35% mol. 
equiv. calcium nitrate, and 15% mol. equiv. sodium nitrate (Fig. Table 9). 


TABLE 


Temp. 
first 
crystals 


17.5 142 

38.5 16.5 147 
15.5 154 

162.5 


Along the line this cross-section, between the composition 
55% mol. equiv, there was glass-formation which made the process cryst- 
allization extremely difficult. the upper part the melting point diagrem 
Section VI, the salt melts crystallized comparatively normally. 


Section VII: 20% 80% had three branches 
calcium nitrate branch very steeply dropping branch 
for the incongruent compound rising smoothly 164°; and potas- 
sium nitrate branch, slightly convex, and rising steeply 


TABLE 


Section VII had two transition points first point corres- 
ponded the temperature 135° and the composition: 39.4% mol. equiv. potassium 
nitrate 48.8% mol. equiv. calcium nitrate and mol. equiv. sodium nitrate. 


Percent mol. equiv. Percent mol. equiv. Temp. 
Percent mol. equiv. Temp. Percent mol. equiv. 
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This was ternary eutectic point. The second had the temperature 164° and 
the composition: 51.5% mol. equiv. potassium nitrate, 38.7% mol. equiv. cal- 
cium nitrate, and equiv soidum nitrate. Along the line for section VII 
between the ordinates for the composition from 45% mol. equiv. potassium 
nitrate, glass formation took place, making the process crystallization more 
difficult (Fig. Table 10). 


crystallization: calcium nitrate branch, dropping sharply 141°; 
branch for the incongruent compound rising straight line 
from the point 141° the transition point 167°; and potassium nitrete branch, 
rising steeply from the transition point. 


Section had two transition points. The first corresponded 
perature 141° and the composition: 55% mol. equiv. potassium nitrate 40.2% 
mol. equiv. calcium nitrate, and 4.8% mol. equiv. sodium nitrate; the second, 
and the composition: 48% mol. equiv. potassium nitrate, 
46.6% mol. equiv calcium nitrate and 5.4% mol. equiv sodium nitrate. 

Along the line cross-section VIII between the ordinates composition 
55% mol. equiv potassium nitrate, glass formation was observed (Fig. Table 11). 


TABLE 


Percent: 


Percent moi. equiv. Temp. 


first 


5.4 
22.5 2.5 
4.5 


Along the line cross-section VII 
the points the salts were meas- 
ured while along the line 
cross-section VIII they were measured 
390°. Above these points, the 
tion the salts was observed. 


The results the experimental in- 
vestigation the ternary system the 

nitrates calcium, potassium, and sod- 

ium are summarized projection the 
triangular isotherms the spatial diagram 


The isotherms are given for 25° in- 
tervals. The isotherms from 425° and 
higher were obtained extrapolation, and 
are dotted lines. 


The composition the invariant 
and transition points found experimen- 
tally and checked orthogonal 


167° 
168 
173 
186 
200 
248 
, 


projection the curves simultaneous crys- 
tellization along the side the triangle 
corresponding sodium nitrate potassium 
nitrate (Fig. 7). 


Characteristic peculiarities crystal- 
lization were observed this projection. 


The curve for the simultaneous crys- 
tallization sodium nitrate nit- 
rate, like the curve for the 
formation the compound and 
had normal convexity the axis 
composition. 


The curve for the simultaneous crystallization and had 
concave form, characteristic for solid solutions. was aiso worth noting that 
the lowest melting component, had the greatest region crystalliza- 
tion, the area crystallization this compound being 42.5%, while the areas 
crystallization the remaining compounds were: 26.6%, and 
2.84%. 

The tininess the area the compound confirms its 
lack stability. description the binary systems and the inner sections 
the triangle (cross-sections) premits note the difference between the 
properties and behavior sodium and nitrates the melts, during 
their interaction with calcium nitrate. 


The melting point diagram the binary system: nitrate calcium 


nitrate has transition point which the formation the incongruent 
compound with eutectic point 146°, i.e., 86° below the first, 
although the melting point potassium nitrate 29° higher than the melting 
point sodium nitrate. The iowering the eutectic point must regarded 
the result the formation chemical the same time, has 
already been noted more than once, there glass formation both the binary 
and the ternary cross-sections the components low concentrations sod- 
ium nitrate. 


The melting diagram the binary system: sodium nitrate calcium 
nitrate has simple eutectic 232°, without the formation vitreous mess. 


The the low-melting nitrate glasses the simplest composition 
the system potassium nitrate calcium nitrate and the ternary system 
calcium, potassium, and nitrates has for the time. 
This fact without doubt great interest. necessary note that 
nitrate systems with greater tendency form giass, potassium and calcium ions 
are present. This follows from the binary described above, and con- 
firmed sections II,IV, and The region glass formation consider- 
ably greater than the area crystallization the incongruent compound 
and approximately sketched out the 175° isothermal lines. This 
region with great concentrations potassium and calcium nitrates and low 
concentrations nitrate (Fig. 6). 


Thus, the question the substitution the sodium nitrate more 
accessible salt the charge for salt bath has found practical solution The 


economy substituting calcium ‘or sodium nitrate obvious, when con- 


sider the possibility obtaining nitrate neutralizing 
nitrous geses with milk lime. 


SUMMARY 


The system calcium, potassium, and sodium nitrates has been 
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The field crystallization the binary incongruent compound 
has been shown, thus confirming the conclusions A.P.Rostkovsky, drawn 
him the basis study the system potassium nitrate calcium 
nitrate. 

has been found, contrary the results Menzies and Dutt, that the 
ternary system calcium, potassium, and sodium nitrates may referr the 
systems with two invariant 


ternary eutectic point 133° and the composition: 39.4% mol. equiv. 
potassium nitrate, 48.8% mol. equiv. calcium nitrate, and 11.8% mol.equiv. sodium 


nitrate; 


ternary transition point 160° and the composition: 49.2% mol. equiv. 
potassium nitrate, 32.8% mol. equiv. calcium nitrate, and 18% mol. equiv. sodium 


nitrate. 


The present work has been carried out the laboraotry the department 
general and inorganic chemistry the V.M.Molotov Rostov-on-Don State Univer- 


sity. 
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THE AUTOACTIVATION ZINC SULFIDE 


Gugel 


well known, the the blue zinc sulfide 
first described Schloede [1] contradiction the classical experiments 
Lenard and Tomashek. According the testing the sulfide 
for purity consists roasting with flux. the powder obtained after 
does not phosphoresce upon excitation with ultraviolet, the sulfide 
sufficiently pure. 


Zinc sulfide with blue phosphorescence was also upon roasting 
with flux, and the present time, after tne investigations Riehl [2] and 
Rothschild [3], doubt arises about the purity the originai and 
the reproducibility the results the experiment. known that the pre- 
vious history the zinc sulfide, used Tomashek differed from that Schleede 
this way: the former was precipitated with hydrogen from ammoniacal 
medium, and the second from acid medium The sulfides obtained were 
strikingly different appearance: that obtained from the ammoniacal medium was 
very fine, precipitated badly, ard became very lumpy upon that obtained 
from acid medium was the form fairly large grains, precipitated well, and 
drying formed dusty, very mobile powder. Insofar the zinc sulfides ob- 
tained differed only these respects, the difference luminescent properties 
must sought the factors preceding the precipitation the sulfide. 


order explain this contradiction, set the following experiments. 
sulfide, obtained precipitation from acid medium and free from heavy metals 
{the iron content was less than 5%, that copper less then was mixed 
with solution pure sodium sulfide that did not contain heavy metals, heated 
and washed remove sulfates. The easily precipitated sulfide, after standing 
with the solution sodium sulfide, was transformed into suspension 
that was very difficult clarify, and this settled badly when washed, even when 
the wash waters contained cniy traces sodium sulfide. The zinc sulfide thus 
obtained was dried. mixed with sodium chloride, which was used flux, end 
roasted 850°. The sulfide obtained after calcination did not luminesce ail. 
Sulfide which had been roasted the samé way, but not treated with sodium sulf- 
ide, luminesced with clear blue light. 


order determine the reversibility the process, the following exper- 
iment was carried out. Zinc sulfide, obtained precipitation from sulfuric acid, 
was treated with sodium and the manner described. The treated 
sulfide was separated into two portions. One portion was dried and used charge 
with sodium chloride, while the second was added solution sulfuric acid, 
heated, washed three times with water, and used charge with sodium 
chloride. Both portions were roasted for hour, result which the 
first sulfide was obtained ccrdition before, while the 
second was obtained completely identical with the control 
sample. 


| 


This experiment demonstrated the reversibility the process which was res- 
for the appearance the blue luminescence zinc sulfide, and 
confirmed, could repeated any number times the necessary precautions were 
taken egainst accidental contamination, especially during 


Completely analogous results were obtained when ammonium sulfide was used 
place sodium sulfide. Only the process reversion became slower result. 


The next point verified the experiments described Tomashek was 
the investigation the activity activators. For this 
used copper. known that when negligible traces copper are introduced 
per ZnS) into the sulfide, obtained precipitation from acid, 

condition blue-green fluarescence obtained after roasting. This has two 
unactivated luminophore, and the other 510-520 corresponding the radia- 
tion the copper. 


appeared that when negligible traces copper per ZnS) 
were into the zinc sulfide, with flux gave green lumines- 
cence with one radiation maximum corresponding that the copper. This con- 
firmed the results Tomashek, who calcinated non-luminescent zinc sulfide with 
activator and flux obtain the lumirescent sulfide. 


verified the sensitiveness the reaction the sulfide 
copper showed that appreciable radiation was caused the copper even ina 
concentration that the method described can serve control for 

the copper content precipitated zinc sulfide. 


All the exper iments mentioned above were also carried out with cadmium 
ide. this case the charge was prepared mixture treated cadmium 
sulfide with treated zinc sulfide (ZnS 70%, CdS 30%) order that the illumination 
might located the visible region the spectrum. All the rules found for 
zinc sulfide were confirmed for the case cadmium sulfide well. 


Although the experiments described above showed ciearly the lack 

greement the experimental facts existing the literature was only apparent, 
they still did not give any explanation the phenomenon. The radiation the 
blue zinc sulfide has been explained number authors the auto- 
activation the zinc sulfide the excess zinc and this actually 
so, then our experiments must give the conditions for the "precipitation" these 
excess zinc atoms (or cadmium atoms). Both the case the sulfide obtained 
precipitation from ecid medium and that the sulfide precipitated from 
ammoniacal medium treated with alkaline sulfide, were dealing fundamentally 
with zinc sulfide. The only difference was that the first case was contam- 
inated the adsorption acid anions which could oxidize upon drying give 
zinc sulfate possibly very slight, amount. the standard method used 
for the preparation zinc sulfide from acid media [4,5], the precipitation 
carried out sulfuric acid medium, and the sulfide always contains 
few tenths percent suifate the second case the zinc sulfide carries 
adsorbed layer sulfide which hinder oxidation during drying and there 
doubtless fair amount contamination with alkali sulfide because the dif- 
ficulty washing off. Thus, from the chemical point view the 
leads, apparently, the first case the presence zinc oxide 
containing zinc salt whicn transformed into the oxide high temperature. 
high temperature; zinc oxide can metallic zinc two 
the first place, known [7] that temperature zinc oxide:turns into 

zinc. From the data dissociation follows that tem- 
perature 1000°K decomposition oxide metallic zinc and 


oxygen negligible. The this process has not been studied 
great extent, but the period roasting the sulfide not great, and from 
the thermodynamic data impossible draw sufficiently well-founded conclu- 
sions, inasmuch they refer equilibrium systems. 


The second method formation metallic zinc from zinc oxide and sulfide 
analogous the well-known process the blackening zinc sulfide light. 


known that the blackening the suifide takes place only the pres- 
ence moisture [5]. This, apparently, signifies that the zinc itsel? 
does not decompose, but that the decomposition takes place after its partial 
oxidation. Oxidation gives zinc oxide sulfate, which can react with sulf- 
according the equation: 


Curie has shown the possibility reaction (1). thermodynamically 
possible, but its kinetics have not yet been measured. 


Other explanations for the formation metallic zinc are improbable. 
example, the dissociation zinc according the 


gnS 


possible, but even high temperatures, and reality scarcely 
takes place, wovld lead the luminescent condition even the seccnd case, 
the absence oxygen-containing compounds zinc. 


The dissociation obtained the synthesis lumino- 
phores [5] very small its boiling point, and the formation atomic zinc 
the result this very improbabie. Moreover, this were res- 
ponsibie for the autoactivity the sulfide, the luminescent condition would 
both the case the sulfide containing oxidized and the 
sulfide with excess sulfide ion. Thus, may conclude that the process 
autoactivation the zinc sulfide analogous certain extent 
ical blackening, and explained the course the reaction between zinc oxide 
oxygen-containing salt zinc and sulfide, with the formation sulfur 
dioxide and atomic zinc. 


The case different for the activation zinc sulfide with copper. 

follows from our experiments, and also from the classical work Lenard and Tomas- 
hek, activation copper takes place both the presence oxygen compounds and 
their absence. This clearly indicates that the chemical mechanism for the prod- 
uction here different. 


all the possible methods 


obtaining atomic copper, may consider the 
following three: 


CuS (4) 


The dissociation pressure reactions (4) and (5) negligibly small 
the temperature the same time, can assume the case 
zinc sulfide that sufficient for only small part decompose the 
atomic form produce activation, ther for copper, amount 
orders lower than the amount zinc sulfide, necessary, for activation 
take that part what added undergo decomposition. The 
cited work Riehl which asserts activation with copper takes place 
low 400°, makes that only very energetic process decomposition 
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can result activation. 


the work Strange [9] shown that when sulfide roasted 
the absence oxygen and flux, and activated with small amount copper sulf- 
ide, the luminescent not attained. Upon adding even small amount 
ammonium chloride (or other flux) the luminescent condition obtained. veri- 
fied this work, and confirmed the fact that the complete absence flux 
actually impossible obtain the luminescent condition even the presence 
such powerful activator copper. understood that during the verification 
this statement the copper was added the form the sulfide, obtained 
alkaline sulfide medium and well washed, even very small amounts chlorides 
result the production the luminescent preparations. 


This fact, the fact that the dissociation pressure copper chlor- 
ide, even 450°, amounts mu, and 520°to 650 indicates that the act- 
ivation copper takes place accord with reaction (6). 


SUMMARY 


the basis experimental work, explanation given fcr the fact that 
the production luminescent zinc sulfide the absence activator depends 
the method precipitating the sulfide. method for the preparation zinc 
sulfide and sulfide luminophores described, with the illumination 
corresponding only single activator its different concentrations. re-- 
view the experimental results leads the conclusion that the chemical mechan- 
ism for the activation zinc sulfide atomic zinc similar the chemical 
mechanism its blackening under the action light. Considerations are presen- 
ted the chemical mechanism the activation zinc sulfide copper, and 
the role the flux this process. 
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THE REDUCTION WITH HYDROGEN 


POTASSIUM TUNGSTEN 


Laboratory the Moscow Electrolamp Factory. awarded the Union Order Lenin 


Tungsten bronze was more than hundred years ago, but despite 
the considerable that has elapsed since its discovery, still has not 
been sufficiently investigated. The insolubility tungsten bronze the usual 
solvents, its decomposition upon heating, and its other properties make its in- 
vestigation complicated task The purpose our first communication the 
study the potessium bronze. This bronze was obtained Laurent [1] the 
reduction potassium acid with hydrogen. 


Tne author showed that the compound obtained had the form splendidly 
formed shining prismatic crystals with blue-violet Laurent did not carry 
out analysis the bronze obtained. Later, Zettnov [2], electrolyzing pot- 
assium polytungstate, obtained blue-viclet crystals the form prisms with 
Square cross section, with characteristic luster. assigned 
the potassium bronze crystals the composition on, Zettnov's form- 
ula was not confirmed Knorre [3]. The latter author subjected the potassium 
bronze entire series investigations stucied the reducing action 
and illuminating gas different potassium tungstates. According 
Knorre, the best results yield pure potassium bronze were found 
wnen reduced potassium tetratungstate. This gave him metallic tungsten along 
with the bronze. 


Knorre also found that reducing the polytungstates with tin the purest 
bronze was obtained from potassium ditungstate. However, necessary point 
out that the reduction the with tin, the yieid bronze 
considerably than the reduction with hydrogen. Weil crystallized bronzes 
were obtained Knorre means the electrolysis molten potassium ditung- 
state. this process, the bronze separated the cathode. determined 
the specific the bronzes obtained electrolysis and reduction with 
hydrogen. The specific gravity the bronzes electrolysis (average 
was that the bronzes obtained reduction (result 
determinations) was 7.095 and 7.085. 


Independently the nature the reducing agent and the original raw 
material that Knorre used, always obtained only one potassium bronze. with the 
composition The results the analysis different preparations 
Knorre are compared with those calculatei the and are listed Table 


Kz0 9.34 O0- 9.46, 9.03- 8.91. 
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A 
Later, Hallopeau studied the reduction potassium paratungstate with 
hydrogen and bronze with the composition 


Analysis the bronze gave contents 12.37 and 11.51%. 71.36 and 
71.95%. Upon reducing potassium paratungstate with tin, Hallopeau obtained 
dark blue bronze with the composition Analysis for gave 7.33%, with 


Inasmuch the results Hallopeau did not agree with the observations 
Knorre, the latter suggested that Schaefer once more verify the for 
obtaining potassium bronze the action different reducing agents, and the 
same time shedsome light the contradiction that had arisen. 


Schaefer reduced potassium tetratungstate with hydrogen and illuminating gas; 
both cases obtained the ordinary potassium bronze showed 
that this content 73.57, and 73.41%, and 9.13, and 
Upon reducing potassium paratungstate with hydrogen, obtained bronze 
the same composition, i.e., the sample found 73.29% 
and Reduction the polytungstates with also him ordinary 
potassium bronze, which Schaefer 72.60 and 73.93%. The content 
was 9.89 and 8.54%. according the formula used Schaefer give 


Analysis the data the literature led the conclusion that real- 
ity there was single potassium bronze with the composition the 
tremendous difficulites analysis, the experiments Knorre and Schaefer gave 
completely satisfactory agreement between the found and the calculated contents 
the varicus components the bronze. The data the existence 
blue potassium bronze were dubious. seemed most probable that there was 
Single potassium with the composition which might considered 
individual chemical compound. 


obtained potessium tungsten bronze reducing potassium paratungstate 
with dry electrolytic hydrogen. starting material, used potassium para- 
with the following composition: 80.8%; 13.51%; 4.6%, 
1.09%. 


The reduction was carried out electric ovens molybdenum boats 
temperature 620°, the substance being this temperature for hour. 


Reduction gave fine viclet crystals with metallic luster, the amount 
600 This was then treated with hot distilled water until all the chloride ion 
was 


After drying 200°, grinding, and sifting through 200 mesh sieve, the 
crystals were subjected analysis, whose results are shown Table 


clear from Table 
that obtained individual TABLE 
preparation the potassium 
bronze, corresponding accurately 
the composition 


The bronze was sub- 


Chemical analysis potassium bronze 


The -ray analysis was kind- 
carried out who hai that the potassium 


The investigation was carried out Debye chamber with diameter 57.6 mm; 


the anticathode was copper, the was xv, the current strength ma, 
and the exposure hours. 


Calculations the roentgenogram the violet potassium bronze had ob- 
tained showed that cculd also referred lattice with the 
paremeters indicated (see calculations Table 4). 


The roentgenogram was alsoa standard for the products obtain- 
the reduction different potassivm with hydrogen. 


The bronze was subjected further reduction with hydrogen higher ter- 
perature, this way attempted trace ths possible decomposition the 
bronze during reduction. 


controlled the process decomposition the bronze chemical anal- 
ysis reduced sample, using with alkali. The reduction proceeded 
according the equation: 


The reduction was carried out under the same conditions the preparation 
the bronze. the was changed. The results reduction are 
Table 


The reduction potassium bronze with the hydrogen 
Original bronze 9.54 
750 9.54 
800 9.54 


TARIF 


Strong 
Strong 
Average 
Strong 
Average 
Strong 
Average-strong 
strong 
Very strong 
Strong 
Weak 
Average 
strong 
Strong 

trong 


No. 
0.081 110 0.085 
0.163 003 0.162 
0.180 200 0.177 
202 0.250 
113 0.267 
0.295 212 0.294 
0.495 
0.505 312 0.508 
0.553 320 
0.670 0.667 
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Analysis the wash showed that temperature 700° there was 
definite decomposition, which was almost complete temperature 800°. 


SUMMARY 
Reduction potassium paratungstate with hydrogen gave pctassium 
bronze with the composition 


was fouud that reduction with hydrogen the temperature in- 
terval from 700 the potassium bronze decomposed give soluble potas- 
sium tungstate metallic tungsten. 


X-ray investigation the potassium bronze has been carried out; 
has been found that has tetragonal lattice with parameters: 4.67 and 


Analysis the data literature, and the results our own ex- 
periments lead beiieve that there single potassium bronze, which may 
regarded individual chemical compound. 
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THE MECHANISM OXIDATION 


NITRIC OXIDE DIFFERENT DISCHARGES 


The oxidaticn nitrogen discharge has been studied N.Kobozev, 
Temkin, and Fraiberg [1]. However, view the great interest accel- 
erating this and studying its mechanism, undertook investiga- 

tion under conditions discharge. With this purpose used induction, 

low-frequency, and high-frequency fields, well the corona discharge, which 

took place atmospheric pressure. 


The temperature the gas the reaction space was measured with tol- 
uene thermometer, and the duration the reaction, usual, was determined 
the graduations the reaction volume according the velocity the gas per 
second. The differential determination the oxides nitrogen was carried 
out oxygen method, which the degree cxidation was from 
the kinetic reaction equation: The influence the discharge 
upon the velocity oxidation the oxide was determined comparing the re- 
sults obtained for oxidation the electric field and outside it. The 
initial composition the gases used varied considerably. 


Below are listed, briefly, the results the experiments. 


comparison the degree oxidation can seen from the 
foilowing data, shows that the induction field has accelerating action the 
oxidation nitric oxide: 


Composition nitrogen oxides (in 


Outside field induction field 
0.38 0.36 
NOs + NO 1.58 
Gexpt. 22.8 


The oxidation nitric oxide high-frequency field was studied both 
illuminated and unilluminated fields, considered the case one unillum- 
inated high-frequency discharge when the voltage corresponded the 
for ignition, but iliumination was produced between the electrodes. 


was shown that both cases, there was acceleration the oxida- 
nitric oxide, follows from following data: 


Morozova took part the experimental work. 


High-frequency field 
Unilluminated Illuminated 


Outside field field Outside field field 
0.35 0.37 0.26 
0.98 1.10 0.84 
25.8 26.3 25.0 23.6 


the corona discharge the low-frequency field, the experiments were 
carried out the same method used for the high-frequency field. 


The experimental data listed below show the same results: 
Composition nitrogen oxides, 


Outside field corona field 


0.32 
35.0 31.6 


Like the high-frequency field, the low-frequency corona field showed 
influence accelerating the oxidation NO. order ottain more com- 
plete understanding the action electric field the oxidation, experi- 
ments were carried out using mixtures nitrogen oxides with ozonized 
oxygen-containing gases. 


used the same apparatus for this purpose, out the ozonization 
the oxygen-containing gases the reaction tube. The nitric oxide was mixed 
with these gases the reaction tube behind the discharge tube. Here list 
the results the experiments. 


Composition nitrogen oxides after reaction 


Mixed with unozonized air 


Mixed with ozonized air 


NOD 1.08 11.50 1.10 
0.32 2.80 0.00 0.30 
1.40 14.30 1.10 14.00 
80.4 100.0 98.0 


can seen from this table, when the nitric oxide mixed with ozon- 


ized air, considerable acceleration the reaction observed, that 100% 


oxidation 


attained. 


this process, the rapid conclusion the reaction takes piace even 


when the nitric oxide reaches high concentration, 14%, that is, when the 
ratio the ozonized oxygen the air nitric oxide equals: 
ozonized 


NO = 


our experiments using this method with the corona discharge, the ozone 
content the air amounted average 


can seen from these data, the different forms discharge and in- 
duction fields not result any acceleration the oxidation nitric oxide. 

experiments carried out the with experiments carried out outside the 


acceleration does take place the oxidation the nitric ox- 
ide first carried with ozonized oxygen-containing gases. This 
agrees with the results N.Kobozev, M.Temkin, and 


The absence acceleration under the direct action the discharge, and 
its presence during the subsequent oxidation with ozonized oxygen, are great 
interest. Here may consider only single hypothesis: the acceleration the 
oxidation takes place because +he ozone, which not formed the discharge 
the gas mixture the presence nitrogen oxides. The well known facts 
the decomposition ozone chlorine, bromine, and hydrogen bromide were ex- 
plained N.Semenov [2] due the catalytic these substances. 
for the influence nitrogen oxides ozone under the conditions the 
discharge, this referred, action similar that which 
takes during the oxidation hydrogen and monoxide, Kovalaky, 
Zagulin, and N.Semenov have shown. Under these conditions, 
oxide high concentrations may negative homogeneous catalyst, 
which not break down the ozone the discharge across the ions 
oxygen) but hinders its formation approximately eccording this mechanism: 


+ 


Thus, there takes place rupture chain which leads the forma- 
tion ozone, and therefore the acceleration the oxidation also absent. 
for the subsequent oxidation nitric oxide czone homogeneous medium, 
here, considering the differ from the conclusions Kobozev, 
Temkin, and who one the most complicated reactions: 


which takes place the 


The lack correspondenc+ between the rapid course the reaction (ac- 
cording the observation these and the and polymolec- 
ular nature these equations makes this impossible. 


most probable that simpler reactions for the oxidation nitric 
oxide teke place: 


this latter case tne 


cur has been shown above, the decom- 
than required the reaction 1.5), 


The obvious nature 
position ozone. 
position ozone less 


=. 
| 
« 


does not result the acceleration the oxidation nitric oxide. 


The acceleration the oxidation nitric oxide takes place only dur- 
ing its subsequent mixture with ozone ozonized oxygen-containing gases. 


has been suggested explain why the velocity oxida- 
tion the nitric oxide not increased the discharge. This the 
breakdown nitrogen dioxide the chains needed for the formation 


hypothesis has been suggested for the mechanism oxidation 
nitric oxide ozone homogeneous systen. 
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II. THE MECHANISM OXIDATION MICROCONCENTRATIONS 


NITRIC OXIDE THE CORONA 


The oxidation micro concentrations nitric oxide present various 
gas mixtures considerable practical significance. 


known, the velocity oxidation such amounts nitric oxide 
low concentrations oxygen ges mixtures practically zero. The pur- 
pose this paper was study the mechanism oxidation nitric oxide 
micro concentrations the corona discharge. 


reaction took piace discharge tube ozonator which 
alternating current technical frequency was applied. Through the ozonator 
there were passed various gas mixtures previously found contain 
nitric oxide micro These were cbtained numerous 
nitric oxide with the gas mixture. 


The velocity the gas current was regulated with graduated rheometer. 
The gas mixture that had gone through the discharge tube was analyzed first for 
its content amounts nitric oxide, according the colorimetric method 
Gurevich [1], which used under dynamic conditions, then fcr its ozone con- 
tent with iodine, and finally for its and contents. 


Below are iisted the results several experiments. 


TABLE 


Composition gas mixtures after reaction, |Degree 
oxides 


0.000 
0.002 
0.006 
0.007 
0.015 
0.040 
0.005 


50.0 
50.0 
70.0 
100.0 
100.0 
100.0 
80.0 


can seen from the results listed, the degree oxidation the 
micro quantities nitric oxide the corona discharge depends the composi- 
tion the gas, and fluctuates from 50.0 


! 
“at ions parts per million nitric oxide the gas mixture. 
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has been shown one our articles [2], the acceleration the pro- 
cess macro concentrations nitric oxide takes place only because 
ozone. The same thing holds this case well, with this difference, how- 
ever, that oxidation takes place directly the ozonator, the negligible con- 
centrations nitrogen dioxide apparently have action the forma- 
tion ozone the discharge, was the case macro concentrations 
the investigation cited above. 


The dependence the degree micro concentrations nitric 
oxide the composition the gas the corona discharge, with constant cur- 
rent, temperature 24° the reaction space, and velocity gas passage 
200 per minutes, shown Table 


Thus, the discharge, the complete oxidation micro nitric 
oxide possible. the result the presence ozone, and takes place, 
accordance with our hypothesis, according the equations: 


The oxidation nitric oxide takes according reaction (1)5 when 
there incomplete oxidation the nitric oxide 70%) the free 
reacts with according equation (2). 


This evident from Table where the concentration given 
column the first three experiments, nitrogen ozone were 
observed. Even with slight excess ozone 0.002 0.006% (Experiments 
and 5)) there was still observed. This began appear only ozone 
concentration 0.007%, which 100% oxidation took place. The decrease 
the amount the final gas below 0.006% led drop the degree 
oxidation and the using the (Experiment The completeness and 
the velocity oxidation the nitric oxide depended, thus, the veiocity 
formation ozone, and the letter its turn depended the concentration 
oxygen and hydrogen the gas mixtures. 


increase the content oxygen the gas mixture, the concen- 
czone formed increased. order complete the oxidation micro 
amounts nitric oxide, the oxygen content had about when there was 
65.0% hydrogen. 


there greater amount hydrogen the gas mixture (from 
95.0%) much more oxidation ozone takes place. This must kept 
mind determining the amount ozone needed oxidize the NO. This clear 

rom Experiment where the increase oxygen even 11.0%, high con- 
centrations hydrogen (85.0%) does not lead the complete oxidation nitric 
oxide 


From all this clear that for complete oxidation micro concentra- 
tions nitric oxide gases that contain hydrogen, the amount ozone formed 
the discharge must greater than that stoichiometricaliy needed for reactian 
hydrogen. 


The accelerating action the electrical discharge the 
micro quantities nitric oxide clear from the data for the comparative oxid- 
ation (other conditions being the ovtside the electrical field and the 
electrical field (Table 2). this case, took nitrogen our original gas, 


Where the absence electrical discrarge the degree oxidation, 
only 10. 0%, the discharge reaches 100%. 


* 


absence hydrogen the original mixture the concentration 
oxygen needed oxidize the decreases. Thus, instead the gas 
mixture containing 65.0% (Experiment 6), the same oxidative effect was reached 
the mixture without hydrogen with 1.5% the final gas thus obtained, 
there was the same amount ozone (0.007%). 


The increase the total nitrogen the gas mixture used the 
experiments (Table carried out the electrical discharge (10.83 11.50 


instead 2.67 2.80 pM) explained their formation the electric- 


field. 


TABLE 


oxides after reaction (in 
electrical field 
total oxides 


Ozone 
content 


10.83 0.007 


Content nitro 


2.67 
2.80 


0.27 
2.57 


The correctness the mechanism suggested for the oxidation micro con- 
centrations nitric oxide confirmed experiments carried out with 
gas mixture (containing micro concentrations nitric oxide) mixed with both 
previously ozonized and unozonized air. This can seen from the following 


3). 


8.00 2.83 
0.007 


11.50 11.50 


TABLE 
Gas composition: 56% 60-65% and 30-35% 
Content nitrogen oxides after reaction (in pM) 


Mixed with unozonized air Mixed with ozonized air 


17.00 
28.50 


These data show that although mixing with previously ozonized gas accel- 
erates oxidation, has advantage over the method direct oxidation the 


discharge. 
the latter case, the oxides formed during the ozonization 
the air are increased initial concentration. 


SUMMARY 


Tne conditions for the oxidation micro concentrations nitric oxide 
the corona have been studied. 
Acceleration the oxidation micro concentrations nitric oxide 


the corona discharge takes place because the ozone, and determined 
the velocity formation the latter under these conditions. 


Micro concentrations nitrogen dioxide the gas mixture not act 
negative catalyst with regard ozone, the way they act macro concen- 
trations. 
The completeness oxidation micro concentrations nitric oxide 
determined the concentration ozone, whose ratio to. nitric oxide 
should not less than 0.5. 


CITED 
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1.55 25.5 7.50 21.00 73.3 


III 


THE CATALYTIC ROLE OZONE THE OXIDATION NITRIC OXIDE 


Zabclotsky. 


investigation the oxidation nitric oxide the electrical 
charge [1] suggested hypothesis concerning the mechanism oxidation 
nitric oxide ozone homogeneous medium. However, further, investigation 
this reaction led new ideas. 


reality, the mechanism oxidation nitric oxide ozone much more 
complicated than has been accepted picturing different reactions, and does not 
correspond quantitatively them. 


Thus, according the proposed reaction Kobozev, Temkin, and 
Fraiberg [2], the oxidation nitric oxide: 


the retio 03/NO 1.5, while the reaction suggested [2] 

this ratio equals unity. 


actuality, the amount ozone expended oxidizing the nitric oxide 
considerably less. 


shall give one our experiments the oxidation nitric oxide with 
ozone. 


the oxidation air-nitric oxide mixture containing NO, 
the degree oxidation reached 80.0%, while under tne same conditions the oxida- 
tion with air whicn had undergone preliminary the 
was mixed with ozonized air) the same concentration amounted 100.0%. 


The initial composition the air-nitric oxide these experi- 
ments was follows: 18.3%; 68.5%. 


Under the conditions our experiments, ozonization produced about 1.0% 
ozone. this case the ratio ozonized oxygen ‘not ozone), was 


This indicates, the first place, that the reaction takes piace fundamen- 


tally because the oxygen, with the ozone accelerating it, and the second 
piace, that the overall reaction takes place give nitrogen dioxide. 


Oxygen air contains will called 


must here point cut that the experiments Kobozev, Temkin, 
and Fraiberg also, well those other investigators who used 


ozonized gases (oxygen air) the ozone content was also low, and fiuctuated 
from 1.0 2.0%. 


the work have cited [1] the improbability reaction (1) was shown. 
this must add that impossible have rapid reaction merely because 
the ozone, which amounts all nundrecth part the oxygen, and al- 
most the same fraction the amount stoichiometrically necessary. 


Consequently, cxygen has dominating the oxidation nitric oxice 
with ozonized gases, and not secondary one, postulated mechanisms 
and (2). are forced the conclusion that very probable that the in- 
fluence the ozone one, hastening the process oxidation 
means the formation intermediate products, which have been found Sprenger 


possible have mechanism for the catalytic reaction such as: 
where the ozone formed again and begins new chein. 
SUMMARY 
analysis has been given the mechanism oxidation nitric ox- 
ide with ozone. 


hypothesis has been suggested concerning the catalytic oxidation 
nitric oxide ozone, and mechanism oxidation has been given. 
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THE INAPPLICABILITY BODENSTEIN KINETIC EQUATION 


THE OXIDATION NITRIC OXIDE UNDER DYNAMIC CONDITIONS 


known that the oxidation nitric oxide give the dioxide des- 
cribed reaction the third order: 


This proportional the product the square the concentration nitric 


oxide the concentration oxygen: 


The velocity constants studied accordance with 
this equation are ordinarily used both for research and industrial practice, 
and they sometimes serve characteristics for comparing the catalytic oxidations 
nitric oxide. However, the conditions under which studied the 
city oxidation nitric oxide give consider that the results 
obtained are universally valid. used gas mixtures ‘NO and great 
using glass stirrer and pressures the atmospheric. This cannot com- 
pared with the dynamic current method widely reseerch. The results ob- 
tained these experiments cannot compared with the cbtained under 
dynamic especially great passage the gas, and 
atmospheric pressure. 


also possible assume that the mecranism oxidation nitric ox- 
ide proposed Bodenstein [2] for homogeneous means the dimer. 


does not take place under dynamic conditions. 


Numerous experiments carried out for the purpose testing the ap- 
plicability equation the third order the oxidation nitric oxide 
and Bodenstein's constants under dynamic conditions confirmed our as- 
sumptions. The velocity oxidation nitric cxide dynamic method was 
measured passing the gas mixture through open glass tutes well through 
tubes filled with activated carbon) with definite diameter and volume. The mix- 
ing the reacting gases was also carried out these. reaction was 
determined, usual, per unit reaction the volume gas passed 
per second through the tube, the the tne gas away for an- 
alysis also being taken into account. The nitri was obtained the 
compositicn sodium nitrate with sulfuric acid. was taken from 


Zalbshtein and Morozova took part the work. 


tank. The velocity the gases, and their ratios, were determined rheo- 
meter after they had first been dried with concentrated sulfuric acid gr. 
1.84) and phosphorus pentoxide. The temperature the reaction volume was kept 
constant means thermostat. The analysis the separate determinations 
nitrogen oxidés was carried out acid method. the extent 

oxidation used (1), expressed the well-known integral 
The results the experiments are given the tables below and the 


graphs. 


TABLE 


The oxidation nitric oxide with 


The oxidation nitric cxide with 


initial gas composition of: initial gas composition of: 78.8%, 

1.3%; constant time 2.0%, 19.2%; constant time 

reaction, and temperature 20°. reaction, and temperature 20°. 

oxides after reaction oxides after reaction expt 

46.0 25.0 2.05 70.2 1.4 
48.0 24.0 1.36 2.00 68.0 1.4 
50.0 20.0 0.61 2.04 70.0 1.4 
48.7 16.0 1.40 2.00 70.0 1.4 
55.0 14.0 


the table are given the results obtained the differential determina- 
tion nitric oxide after the reaction; the basis these data, the Boden- 
stein constants for the cegree have been calculated. 

the last column the table are listed the ratios the experimental degrees 
oxidation the theoretical, calculated for conditions the experiment 
equation the third order and the Bodenstein constants can 
seen from this column, greater than approximately 

times great. order make clear the influence the concentration 
the initial gas the velocity nitric oxide, carried out 

experiments whose results are shown Table 


can seen from Tabies TABLE 
ygen the gas mixture increases, 
The dependence the ratio 


reaction and the initial compo- 1.0 20.0 
sition the gas shown Table 3.5 10.0 1.8 
1.5 8.0 1.5 
The same shown 8.0 1.4 
1.2 
the basis the results 35.0 2.0 1.1 


given for the oxidation nitrogen 

oxices, may draw the conciusion 

that deviations results from the results 
experiments greater the the velocity the gas stream, ‘lower reaction 


- 
. 


‘ 


time) and the the concentration oxygen. 


the results the catalytic oxidation nitric oxide are usually com- 
pared with the theoretical values obtained calculation according the data 
Bodenstein, appeared not without interest carry out this comparison ex- 
With this purpose, carried cut several series experiments 
whose results are listed below. 


evper 
~ 


atheor. 
time reaction for air-gas time reaction for gas mix- 
mixtures containing 1.0 1.5% tures containing 15% 
NO. No, and 1.0-1.5% NO. 


The comparative oxidation nitric oxide with initial composition 
97.5%, 1.5%, and 1.0%, constant time reaction, and tempera- 
ture 20° 


Without catalyst 


20.0 98.0 8.5 2.0 
The same for gas composition 78.8%, 19.2%, 
1.4 91.5 1.8 1.30 
69.5 1.4 1.8 
70.0 1.4 97.0 1.9 1.38 


this case the method investigation remained the same the pre- 
ceding experiments, with the sole difference the gas mixture was passed 
two reaction tubes placed cne them with activated 
carbon. All the conditions, including reaction time. were the same both 
tubes. The comparison, the preceding cases, was carried with the 
calculated according the data 4). 


tic activity the activated carbon, which correspon 


*ermined the ac*ual cataly- 


= 


0.9 
- 
m SC 


comparison the catalytic activity the activated carbon means the ratio 
was absolutely incorrect (according our 
varied from 1.8 50.0). The latter fact also permitted explain the great 
activity the activated carbon obtained Burdick acceleration), 
Chego and Guassi [5] (20-fold acceleration), N.P.Kurin and I.0.Blokh [6] (from 
and the apparently correct determination G.K.Boresxov and S.M. 
Shogam [7], according whose deta the acceleration was only fold. 


analysis our results with regard the velocity oxidation nit- 
ric oxide under dynamic conditions leads the conclusions: 


The mechanism this reaction under dynamic conditions different 
from that under homogeneous conditions, for which Bodenstein's velocity constants 
were obtained. 

The equation for reaction the third order applicable under 
ited conditions, when there slow gas current and the gas mixture contains 
great amount oxygen. 

velocity the gas current increases, the streaming the gas 
begins play role which strongly favors increase the number molecu- 
lar collisions tetween the molecules themselves and with the walls the reac- 
tion tubes. 


This last fact great significance. brings the mechanism 
this process close the mechanisw, and suggests homcgeneous-hetero- 
geneous mechanism. 


comparison the velocity catalytic oxidation nitric oxide with 
the velocity the absence catalyst under dynamic conditions gives the ac- 
tual activity the catalyst, which for activated carbon amounts from 1.3 
2.0. 
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THE COMPLEX UNIVALENT COPPER WITH THIOCYANATE 


Scientific Research Institute Chemistry Gorky State University 


has been shown the literature [1,2] that bivalent copper and alkali 
meta]. thiocyanate form precipitate which easily decomposed water. The 
reaction gives the thiocyanate univalent copper, which has tendency form 
complexes with excess thiocyanate. 


order make detailed investigation this process and determine 
the composition the formed, utilized polarographic method anal- 
ysis. addition, considered our task determine the constants. for the 
instability the complex, and the value its heat formation 
from the ions. 
Technique the 

For the exposure the used visual apparatus, fitted with 
mirror galvanometer which had current-sensitivity 1.17 Ordinarily 
utilized the maximum sensitivity the 


The electrolytic which the solution was placed 
was supplied with tube that the solution blown through with stream 
hydrogen order remove the oxygen dissolved it. 


saturated half-element served the anode. This was connected 
the electrolyzer means and small teaker placed between them 
filled with solution potassium The tne saturated 
calomel helf-element was arbitrarily taken equal electrolyzer, 
the intervening and the calomel half-element were placed liquid- 
filled thermostat, which the temperature was maintained constant 


voir and rubber stopper, had the characteristic 1.28 


this work used the usual analytical reagents. 
EXPER IMENTAL 


When the ions bivalent copper are reduced the mercury dropping elec- 
trode the presence potassium nitrate, used indifferent electrolyte, 
can obtain polarogram which consists wave. This wave corres- 
ponds the reduction the hydrated ions bivalent the metal, 
which then forms dilute amalgam. The potential case equals 
the solution copper nitrate and potassium solution ammonium 
thiocyanate added, then can observe the polsrograr two waves, 
all probability the 


= 
| 
: 


with half wave potentials about -0.02 and -0.4 


However, the total height the wave rather sharply decreased, and the 
formation white precipitate precipitate very well ad- 
sorbed the surface the mercury and makes the correct the 
drops expremely difficult. very natural assume that the decrease 
the height the copper wave related the decrease the concentration 
copper ions the solution and the formation the precipitate from the lat- 
ter. This picture observed those cases where the concentration the am- 

the presence more concentrated solutions which thiocyanate 
ions, the precipitate copper formec during the addition the 
first portions ammonium thiocyenate, dissolved the excess precipita- 
ting agent, and the solution becomes transparent. 

investigated the reduction the copper ions when these were used 
concentration 0.33 mol./1, the presence ammonium thiocyanate whose con- 
centraticn varied from 


. 


suppress the maxima which had formed, utilized solution 
agar-agar, whose addition, was ascertained number experiments, did 


not alter the potential the copper wave. 


all cases, the polarogram 
showed single wave, whose half-. 
wave depended the con- 
centration ammonium thiocyanate, 
end was displacea the direction 
more values when the 
content thiocyanate ions the 
solution polarogram was being 
taken was The wave forms 
are shown Fig. 


must observe that 
potential the mercury drops 
about diffusion current 

firm the fact that this current 
not related the reduction the 
copper ions, maintained even those cases where there copper 
solution. Fig. shows the diffusion waves: one them (Curves and corres- 
ponds the case where there were copper ions solution and the concentra- 
tions ammonium thiocyanate equaled and while the other (Curves and 
was taken after the addition cuprous nitrate. 


Fig. Reduction wave copper from 
solutions ammonium thiocyanate 


gives the values the half-wave potential copper 
different concentrations ammonium thiocyanate. 


The influence the temperature the diffusion current and the half- 
wave potential copper was investigated for two sclutions ammonium thiocyan- 
ate, The results the measurements are given Table 


can seen from Table that the temperature rises, the diffusion 
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TABLE TABLE 


The dependence the copper The “ependence the diffusion current 


half-wave potential the con- and the copper half-wave potential 
centration ammonium thio- the temperature. Concentration copper 


cyanate 
Concentraticn 
ammonium thiocyan- 


ate (in g-equivs.) 


0.003 
Temperature, 


8.31 -0.59 
-0.59 


Fig. Waves univalent copper Fig. The dependence the half- 
the presence ammonium thio- wave univalent copper 
cyanate and the ground the icgarithm the 


waves with different added 
univalent copper. 


current the copper increases, while the haif-wave potential remains unchanged. 


When the bivalent copper ions react with the ions, the 
tion the difficultiy soluble compound thiocyanate and bivalent copper takes 
place, with velvety-black color. This compound qui-kly decomposed the 
action water, and still more energetically the presence alkali metal 
ammonium thiocyanate, with the separation the thiocyanate 
univalent copper, CuCNS, with white color. 


Cuprous thiocyanate, CuCNS, practically insciuble water, but dissolves 
concentrated solutions thiocyanates with the formation complex com- 
pound the double salt type. 


The addition ammonium thiocyanate the ions 
bivalent coprer leads decrease their the solution 
and therefore diminution the current. the presence low 

current copper does not increase. 


(in volts) 
| 


The appearance two waves the polarization curve low concentrations 
ammonium thiocyanate related the simultaneous presence the solution 
copper ions which have not yet been precipitated, and univalent cop- 
per ions resulting from certain solubility the CuCNS. The origin the 
first wave may also related the presence ammonium thiocyanate the 
solution, has been shown our experiments (Fig. Curves and 2). 


concentrated solutions ammonium thiocyanate, the reduction the 
complex univalent copper takes place potentials the drcpping mercury 
electrode from -0.52 while the concentration the ammonium thio- 
cyanate changes from 1.0 order decisively confirm the fact 
that the presence comparatively concentrated ammonium thio- 
cyanate only copper exists the carried out the follow- 
ing experiment. reducing solution copper sulfate and sodium chloride 
with metallic copper, prepared solution univalent copper [3]. 
This synthesis took place the absence air. The solution was trans- 
ferred electrolyzer have polarogram made, and ammonivm thiocyanate was 
there added. The polarogram this solution coincided completeiy with the polaro- 
gram the solution which bivaient copper had heen used the original mate- 
rial (Fig. Curves and 4). both cases, the half-wave coprer potentials 
were the same for equal concentrations the ammonium thiocyanate 


The dependence the univalent copper the potential the 
dropping mercury electrode expressed the equation the polarographic wave: 


where the half-wave potential and the limiting diffusion current. 
For the polarcgrams shown the graph, using the 
electrode potential, against log the experimental values fall excellently 

The tangent the inclination straigrt line corresponds 


This result confirmation the fact that the reduction 
the univalent copper ions takes the dropping mercury 


arrive the same results utilize for our the num- 
ber electrons which tak 


Thus, there doubt that the ions bivalent copper solution 
mmonium thiocyanate are univalent ions. order determine the 
composition the complex formed the univalent copper with thiocyanate, 


utilized the for the change the half-wave potential during complex- 
formation the solution. 


From the graph the velue 0.059 was equal this gives 


the value for the coordination number. the formula the 
thiocyanate complex univalent will 
calcuiation the instability constant this with the formula 


given above led the value 


follcws from Table that 


half wave potential for the reduction 
univalent copper does not depend 


temperature. 
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Thus, the temperature coefficient the the 
tant the complex close zero, this permits take the heat 
formation the complex from its ions also close zero. 


SUMMARY 


has been determined that the presence ammonium thiocyanate, 
bivalent copper ions are reduced univalent ions. 


The reduction univalent copper the dropping mercury electrode from 
containing thiocyanate ions takes place reversibly. 


The coordination number the thiocyanate complex univalent copper, 
and its instability constant, have been found. 
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THE CLASSIFICATION COMPLEX FORMERS AND ADDENDS 


THE THEIR ENERGY CHARACTERISTICS 


Yatsimirsky 


Ivanov Chemico-Technological Institute 


order judge the stability compiex ions, most expedient 
review the process formation complex ion from its constituent 
gas 


where the central ion, the addend, and [MAn] the complex ion. The 
change energy during this process (W) shall call energy addition”. 


For complex ions with the predominant ionic containing chemical bond 
ions, complex fluorides, etc.), the energy addition may evaluated 
means the equations and Magnus. The value deter- 
mined this case the electrostatic characteristics the cen- 
tral icn and the addends the charges and radii the ions, and for. molecules, 
the dipole moments). 


the case complex ions with covalent bond predominating 
ceptor) the energy additicn not directly related the electrostatic char- 
acteristics the central ion and the addends. order evaluate the energy 
addition this case, shall take example +he formation complex 
ion with the structure: 


according the scheme above (1), can break down the process into several 
steps: 


M-A 
Vg) 


Thus, for the energy addition obtain the equation: 


group the energy the covalent bond and the resonance 
energy the structure under consideration. 


: 
| 
a 


Generalizing Equation (1) for any covalent structure, 
where the total number bonds the complex ion. 


The overall ionization potential the ion and the electronic af- 
finity the addend are decisive and make possible the quantitative calculation 
the values involved the formation complex icns with predominantly 


valent bonds. 


There also very broad complex ions which the essential 
role played the resonance the ionic and covalent structures. The reson- 
ance energy attains maximum value the case where the energies addition 
for the ionic and covalent structures are 


Working this hypothesis, can make classification complex ions 
and addends the basis their energy characteristics, and come close 
explanation the phenomenon selectivity during complex-formation. This 
phenomenon pointed out Grinberg, who payed attention the fact that there 
definite relaticn between nature the complex-former and the addend, 
and that therefore impossible speak about tendency complex-forma- 
tion general, without paying attention tne specific the central 
and the addends. has indicated the dividing com- 
into three groups, according their tendency form complexes 
with containing oxygen, and sulfur. 


For the formation stable complex ion with predominantly ionic bond, 
necesscry not only *hat the central ion have high charge and small 
radius, but also that the addend strong electrostatic characteristics 
charge and small radius, considerable dipole moment). the same time the 
central ion characterized comparatively low ionization potential, then 
cannot form complexes. Completely analogous are those addends 
are characterized great electron affinity, and have tendency 
form stable covalent complexes. Thus, can designate group central ions 
and addends which shall call this group 
can place the ions with the outer shells the inert gases, characterized 
ing addends will and some cases 


a 


The central ions with hign ionization potentials, but. electroststic 
characteristic, form stable only with addends have low electron 
affinities, from equation (11) that only when both these conditions 
are met simultaneously can the energy attain appreciable value. 

this group must place the ions with non-inert gas nature the last per- 


this case ere speaking the difference between the actual value the energy addition and 
that calculated the method The existence this difference results from the fact 
that the actual bond the ion intermediate between and covalent bond, and 
also results from the the coordinate bonds. 


The magnitude this difference can evaluated means nethod 


etc. this case, too, the well-known selectivity will observed, the 
formation stable complex ions with central ions addends the first group 
improbable because the icw electrostatic characteristic the particles 


the group under consideration. The ions and the addends this group 


shall arbitrarily call "covalent". 


the central ions are characterized high potentials and 
the same time large charges and small radii, they can form stable complexes 
with large number addends different natures, and particular with 


ends both the first and second groups. Central ions this type may 
complex-formers'. Typical representatives *his group are the mult- 


iply charged ions the middle series the transition groups the Periodic 


completely similar way, can also designate group “universal 
which have the same time both high electrostatic characteristic 

Finally, possible have the case where neither electrostatic inter- 
action alone, nor the formation donor-acceptor bond leads high value 
the energy addition, but result the closeness the values the 
energy addition for the ionic and covalent structures, very great resonance 
energy arises. This sort case exists with the singly-charged and 
doubly charged central ions the subgroups the Heriodic System 


same time large, complex-formation can take place with covalent addends well 
(for example, for the Cut, etc.). These 


apparently the amines, ammonia, NOs, etc. These addends can 
stable complexes ions not only with the intermediate central ions but also 


with the universal summary the main groups complex- 


formers and addends given tabular form. 


Name group Energy characteristics 


Examples 
complex formers 


Electro- High charge, small radius, 
static large Gipole Ionize- ROE, 
formers and tion potential comperatively 
addends low, electron affinity great. 

and addends electrostatic characteristics. 
complex-formers small electron affinity, high 
and addends charge, and small radius. 


the boundaries set between the different and addends 
calculated values their fundamental energy 


Year 


complex ions from gaseous constituent particles. the formation complex ions 
solution, necessary take into account addition the fact that the 
molecules solvent may also act addends, forming solvions. 


first approximation, for definite group ions, can limit 
ourselves consideration the differences between the energies addition 
the solvent molecules and the given addends the central ion, the solva- 
tion effects for given narrow group complexes remains approximately constant 
(for example, within the group ammino compounds, complex chlorides, bromides, 
iodides, etc.). 


the formation aquo-complexes, the decisive role played ionic di- 
pole forces. aqueous solutions with different energies addition, the most 
stable complexes will those with large central ions. Therefore, means 
all complex ions with high ionization potentials ere capable giving stable com- 
plexes with covalent addends aqueous solutions. this case, the most stable 
complexes will those which the central ion has large dimensions 
etc.) even the ionization such central ion lower than 
that certain ions smali radii (for example, the ion). 


The large the molecules leads the result that pure 
electrcstatic complexes are encountered aqueous solutions. may as- 
sume that solvents with smali dipoie moments, electrostatic complexes will 
characterized great stability. 


SUMMARY 


the basis review energy cheracteristics, classification 
for addend ions, according this classification, 


both these and particles are divided into four groups: electrostatic, 
covalent, universal, and intermediate ‘see table}. attempt made 
from this point view explain the phenomenon grcup selectivity during 
complex-formation and the stability the complex ions 
tions. 
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THE PENTAAMMINOFORMATES CORALT (III) 


Yatsimirsky 


The cobalt have been cited the literature only once 
and their synthesis requires fairly complicated data are given 
the literature the stability these salts. 


Hovever, the basis the classification complex-formers and addends 


proposed us, can assume that the cobalt pentammincformates will fairly 
stable, and that therefcre their synthesis too might carried out more sim- 


ple manrer 


The ion characterized high charge, small radius, and appar- 
ently fairly high ionization potential, result which must placed 
the group universal complex-formers confirmation this, there 
are the numerous and widely differing complex salts. the its 
energy characteristies, the formate ion {thermochemical radius 1.58 electron 
affinity the group kcal) may placed the group intermediate 
tron affinity connection with the high value the 
electron affinity the group compared that the NOs group, 
may consider that the pentamminoformates, being similar the will 
differ from the latter their slightly lower stability. 


Starting with the just given, decided carry out syn- 
thesis the pentammincformates cobelt simpler method, and study their 
thermochemical relations. 


The Synthesis New Pentamminoformates (III 


ted solution potassium formate ml) which approximately times 
the amount according calculations based the reaction: 


The mixture obtained was during tre time needed 
The red solution which was formed was and mixed witn equal volume 
solution KI. Immediately upon red crystals 


precipitated. 


The solution obtained was cooled the precipitated crystals filtered 
off Buchner funnel with suction, and witn ice water, aqueous 


\ 


and finally with 96% alcohol. The product obtained was dried the air. The 
yield was 95% the theoretical. Results analysis: 


Calculated Found 


13.45% 


When the solution obtained after boiling the solution pctessium form- 
ate, equal volume solution ammonium nitrate was added, intensely red 
crystals precipitated. 

The preparation was treated further the same method used for the pentam- 
minoformate cobaltiodide. Yield 90% the theoretical. 

Results analysis: Cobalt: calculated 18.81%, found 18.69%; cal- 
culated 14.37%, found 


The Thermochemistry the Pentamminoformates Cobalt (III) 


order determine the heats formation the two new complex salts 
had syuthesized, measured the heats reaction the crystallized products 
with 0.26 mol. NapS solution. This took place according the equation: 
The heat solution both saits water was also determined. All the 
measurements were carried out 25°. 


The apparatus and method measurement have described 
[6]. The results the experiments are listed Tables and 


(2) 


TABLE 


The heats reaction the pentamminoformates cobalt (III) 
with 0.26 mol solution 


‘with jcalori- 
‘tion for radia- jmeter, 
‘radiation cal, 


Starting with the data obtained, calculated the heat formation 


and the ion The heats 
formation all substances which took part reaction (2) were taken from 
Bichowsky and Rossini's [5]. This gave the following values 
for 
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TABLE 


The heats solution cobalt (III) water 


Formla salt Weight Change Correcticn Heat Average 
(in lution temp. for radia sol value 

rection imeter (in cal.) 


for radia (in cal.), 
tion 


i 


energy formation the gaseous ion only doing this 
was possible avoid the infivence the ions and the 


the gaseous complex ion could from the 


gaseous cation, gaseous enion, and sclid sait, and was the lattice 
the complex salt. The latter vaive was calculated from Kapustinsky equat ion 
the that the thermochemical radius the ion was 
equal 2.36 This value was estimated from the fact that the difference 
tween the heats formetion the two saits mentioned was equal the ciffer- 
ence between the heats formation corresponding 
thermochemical radius the ion equaled 2.36 


After substituting Equation ‘I) the heat 


194 kcal, and the heat the reaction. 


comparison the values obtained for the the reaction with the 
reactions for gaseous ions led the 
clusion that the thermal stability the gaseous ion exceeded 


that all the other ions studied witn the exception 


gaseous acido-pentamminocobalt ions can 


| | 
14700 
Consideration Resuits 


The heats reaction with solution sodium sulfide, the heats 
solution, and the heats these salts have been determined. 


has been shown that the value the energy addition the 


ion greater than that the other acido-pentamminocobalt 


ions, with the exception 
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COMPLEX COMPOUNDS ALUMINUM AND CHROMIUM WITH PYRAMIDON 


Department General Chemistry the Molotov Medical Institute 


the investigations Gusev shown, pyramidon reacts easily with 
acids the type [2]. The have two 
coordination, has been experimentally confirmed Ryabchikov 


The action pyramidon solutions the salts trivalent metals 
(Fe, Al, Cr) the presence gives complex ions which are 
substituting the cation the outer sphere the complex compounds 
certain metels. Products have been obtained reaction with the complex 
chromium thiocyanate The reaction takes place according the 
equation: 


The reaction results forming difficultly soluble double complex, which 

the form amorphous mass, which changes form. The form- 
ation the precipitate takes place only ecid medium, medium 
the precipitate does not form. Compounds were obtained with the composition 

acetic acid medium, compound the composition was obtained. 
This was crystalline mass with lilac color See Plate, page 

result its insolubility, the precipitate couid recrystallized. 


Analysis the compounds 


0.1100, 0.1664 0.0066, 0.0128 
0.16, 0.05, 0.05 substance: 0.1456, 0.0456, 0.045 AgCNS. 
Found 4.97, 5.38, 5.32, 
CNS 31.83, 31.92, 


0.1244, 0.1214 substance: 0.1086, 0.105 AgCNS. 
Computed 9.08; CNS 30.3. 


0.1012, 0.06 substance. 0.0914, 0.0538 AgCNS. 


0.1006 CNS 28.89, 29.0. 


Color 
Solubility 


100 water 


15° 


Electrical 
conductivity 


Behavior with 
FeCls 


Behavior with 
the 
cold 


Behavior with 
NaOH 
heating 


with 
concentrated 


Behavior with 
conc. HNOs 


Behavior with 


solu- 


tion) upon 
heating 


Behavior with 
Behavior with 


Behavior with 


Upon heating 
above 50-60° 


Grayish-lilac Brown 


0.07 0.08 0.07 


measurement unsuccessful 


change Color solu- solu- Brownish solu- 
color tion orange tion forma- tion forma- 
forming form violet- form violet. form red solu- 
violet solu- greenish solution tion 
tion solution 
Forms precip- Forms Forms cloud Sclution with 
‘solution form dark- form light- form solution 
green green solution| with yellow- 
color green color 


Dissolves with evolution 
form greenish soluticn 


Solution darkens, reduction silver 
Forms white precipitate 


Upon long stand- 
ing forme bluish 


change 


Decomposes with formation vitreous mass 


The data obtained this investigation made possible draw the fol- 
lowing conclusions: 


The trivalent metal elements form complex compounds with 
a.coordination number with organic amines. 


The between the atom and the through the tertiary nitro- 
atom the one hand and the oxygen the other. Thus, the molecule pyram- 
idon has two positions for coordination. 


For the first time, the double complexes 


have been obtained. 
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THE NOMENCLATURE 


THE MOST IMPORTANT 


weli known [1-4] that 


silico-organic compounds particular. 


a 


and Soviet scholars who had conducted experimen inves 
compounds 


with 


+ 


extremely 


3 3 

picture their 


2 


| 
theoretical 
and the 
Russi 
chemi 
authors suffer from very serious failings. Firs* 
pounds not give neture, not express their 
and 

their significance: 

The the nomenclature compounds becomes 
more cbvicus and newer silico-organic are 
tre questicn under consideration the compounds 
not yet been any cese, has been considerably 
piicated. 

cordance the old names, the which were 
derived the simpiest silane, were the 


\ 


silico-organic compounds with the usual organic compounds. The formal similarity 
some silico-organic compounds their organic analogs strengthened this tend- 
ency. However, the many scientists showed 

the analogy between silicon and carbon compounds was purely formal one, 
explained the position these elements the same group the Periodic Sys- 


tem D.I.Mendeleev [8]. 


Kipping [9,10] proposed his more rational terminology, which was 
adopted England. the basis the terminology proposed, had: 
which called and All the remaining compounds 
silica were named from silicane and silicanol, their derivatives. However, 
despite his own proposal call hydroxyl-containing derivatives hydrogen- 
silicone compounds Kipping himself often called them 


(according Ladenburg) [11]. 

Martin [12] proposed that silico-organic 
the bond called and those with the bond 
However, this suggestion never received widespread acceptance. 


1916, Stock published his nomenclature silicc-organic compounds, which 
was based the names the hydrogen-silicon called 
the saturated hydrogen-silicon compounds silanes: was monosilane, di- 
Silane, trisilane, etc. [13]. Compounds which contained both silicon and 
carbon atoms the same time were named analogy with weli-known compounds 
carbon, with the addition the prefix those which did not contain 
carbon atoms were compounds". 


For example, was monosilicopropane, was persilicopropane, 
etc. 
Compounds which were characterized the presence alternating bonds 
and oxygen atoms were named siloxanes. example; 


was 


Silicon compounds which differed the content oxygen and hydroxyl 
groups were designated, according his recommendation, using the pre- 
fixes for oxygen for hydroxyl. For example, 

was 1,5-bis-(hydroxy-oxo) 


Stock's nomenciature obtained the widest acceptance, but still suffered 
from essential deficiencies. 


1944 Sauer published article silico-organic terminology, 
member American commission for developing rational nomenclature for 
silico-organic compounds [15]. 


The main differences between the nomenclature proposed the American 
mission and that Stock were the following 


Instead the prefix characterize silico-organic compounds, 
was proposed. 


The names silico-organic compounds which contained functional 
were constructed the basis the rules genetic nomenclature org- 
anic compounds. 


New names were introduced for which contained silicon, for 
example: 


According Stock According Sauer 
monosilyl silyl 


etc. 


propose cur nomenclature silico-organic compounds based the fol- 
lowing considerations. 


the basis our proposed silico-organic compounds 
take the names the corresponding hydrogen-silicon compounds, which are es- 


tablished the Russian language; the atoms these are numbered 
left right. 


For example: 


tetrasilane 


atoms the silicon, carbon, any element, then fundamentaily the name 
the silico-organic compound included longer section the straight 

silicon chain. crder determine the position the side substi- 


tuents, the number the siliccn atom where the side chain substituent begins 
indicated. 


The presence hydroxyl group silico-organic compound {in ac- 
cordance with the nomenclature) indicated the suffix for ex- 


the same way, the presence aldehyde, ketone, carboxyi group, etc., 
signified the suffixes “al", "acid", etc. 


The presence amino, nitro, alkoxy, and similar indicated 
the prefixes etc. For example: 
... 


The presence different chemical elements the composition the 
silico-organic shown the corresponding name the metal non- 


metal, and indicated the number the silicon atom which given element 
attached. For example, 


1,1-diethyl-2-chlorodisilane. 


Silico-organic which are characterized rings, al- 


ternately attached each other through atoms oxygen, are 
might possibly more correct cali 

shorter, our chemists are already ustomed it, and the 
naming compounds, numerous uses suffix 
Same word wili avoided, this suffix would give idea 
saturated compounds are joined the 


one and the 
trat two more 
ror example. 


name better. 


CeHs 

would 


Nitrogen-containing silico-organic compounds corresponding the gen- 
eral formula would called silamines. For example, 
would trisildiamine. The corresponding arsenic compounds 
would silarsines, the phosphorus compounds silphosphines, etc. 


Thus, the name the silico-organic compounds with the general formula 
where NH, AsH, etc., would receive the prefix 
and the corresponding names the substituted groups. 


Silico-organic compounds which the atoms silicon are joined 
each cther means bivalent radicals (for example, through methylenes, poly- 
methylenes, phenylenes, diphenylenes, alkyl-substituted aryls, etc) will named 
according our proposal, silanmethylenes, silanpolymethylenes, silanphenylenes, 


silandiphenylenes, etc. 


would 


Thus, the names silico-organic with the general 
names the corresponding hydrogen-silicon compounds, the with the 
names the given racicals being designated. 


Cyclic silico-organic compounds, according their would 
called: cyclosilanes, cyclosiloxanes, cyclosilamines, etc. 


For example: 


cyclohexasilane; 


trisiloxane; 


cyclotrisilantrimethylene. 


case there branching the chain the silico-organic compounds 
because silicon atoms, the corresponding simple names the 
radicals would introduced, constructed the root the corresponding hydro- 
gen-silicon compound. The first member this series radicals would called 
silyl, the second disil, the third trisil, etc. 

For example: 

2-silyltetrasilane; 


hexaethoxy-2-silyl-hydroxytrisiloxane, 
OSiHs 


The proposed system nomenclature practice would encompass everything 
theoretical and significance among the silico-organic compounds. 


may note the essential between our system nomenclature 
and the systems proposed earlier Lacenburg, Kipping, Martin, Stock, Sauer, etc. 


The proposed names silico-organic compounds give clear understanding 
their nature, and quickly summon the corresponding visual associations and 
spatial images their structures, and not suffer from unjustified lengthiness. 


contrast with the old nomenclature, this nomenclature based our 
contemporary ideas silico-organic compounds. 


The names hydrogen-silicon compounds, which are the basis the 
proposed system nomenclature silico-organic compounds, are based sys- 
tem terminology the compounds which has become established 
the Russian languege. 


Instead calling HaSiOH (according Ladenburg), 
(according Kipping), (according Stock), propose, 


The number hydroxyl groups other substituents indicated the 
prefixes: di; tri, tetra; penta; hexa, etc. 


For example: 


....- 
trisilan-1,3-diamine, 


etc. 


Instead naming condensation products silico-organic which 

contain hydroxyls and react with the separation water, for exampie: 

triphenylsilicarol oxide, anhydrobistriphenylsilicanol Kipping), 


would keep the name The above compound would therefore cailed 
hexaphenyidisiloxane. 


compounds the type the name silamines. 


The names radicals would built from the root the 
corresponding hydrogen-silicon compounds Thus, instead calling the first 
member the series, SiHs, (according (ac- 
cording Stock), would use the name which the name proposed 
Sauer, but for the second member this series, instead the name 
(but not order not confuse the neme this radical with 
the designations two radicals}, etc. 


understanding would conveyed silico-organic radicals, and 


< 


eptxo 


particular, place 


For silico-organic ccmpounds which are polymerized products the 
ing silicon and propose names silanmethylenes, silan- 


phenylenes, etc. 


compare our nomenclature with the terminology now used var- 
ious places, provide table, which demonstrates glance the 


the system proposed us. 


the author expresses his profound thanks Prof. 
gov, his objective criticism this work and his valuable suggestions, which 
were taken into account the author the final editing this paper. 
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THE VISCOSITY THE SYSTEMS FORMED 


AND ITS HOMOLOGS WITH THE LOWER 


Cortalova and Ganelina 


Division Chemistry the Academician Chemical Institute 


the Kazan Branch the Academy Sciences the USSR 


The viscosity the system mesitylene-methyl alcohol was measured 
connection with study the phencmenmof foam-formation this 
During this, unexpected, very characteristic, viscosity isotherm. 
Tnis induced carry out similar measurements for number systems 
methyl with the homclogs benzene ‘up Cio). the other 

direction, appeared interest also compare the behavior mesitylene 
the system with methyl alcohol with its behavior with other 
end particular, with ethyl and propyl alcohols. 


the literary sources have searched have found data the vis- 
these systems, except for the system benzene-methyl alcohol, which was 


values for the this temperature were 
viscosity curves the boiling points, obtained Findley 
through maximum, which possibly resvlted from the fact that the 
boiling passed through 


Starting Materials and Method Procedure 


The methyi alcohol, which was used number systems, was prepared 
pure methanol means long standing over calcined copper 
sulfate, and then boiling anc distilling over calcium oxide. distilled 
the single point pressure 757 mn. 


Chemically pure cryoscopic benzene was dried over metallic sodium and 
distiiled within the limits 79.3-79.5° 750 
The was also dried over metallic sodium and distilled the 


pure preparation was dried over and upon 
distillation went cver within the limits 138.5-139.0° ‘pressure 758 mm). 


the reaction. 


result the synthesis, after repeat 


within the limits 


studiec 
which 


chemically pure preparation p-cymene, after drying over metallic 
sodium, boiled 176.2-176.4° (pressure 755 mm) 


Ethyl alcohol was subjected dehydration the same treatment the 
methyl alcohol. The fraction absolute alcohol used the work boiled complet- 
ely 78.0° the atmospheric pressure mm. 


Propyl alcohol (primary) was dried with calcium oxide and distilled over 
pressure 745 went over the interval 96.4-97.2°. 


All the compounds were tested for purity measuring their density and 
comparing this with the data the literature. The values the density obtained 
are included the tables for the corresponding systems. The density 
the components and the mixtures was determined pyknometer with volume 
about ml. All the weighing was carried out vacuum. The viscosity was meas- 
ured means Ostwald viscosimeter, for which the time flow water 
amounted about 3.5 minutes. All the measurements were carried out temp- 
erature 20° (accuracy thermostat-control 0.1°. 


Results Measurements 


The values the density and viscosity the systems ccntaining methyl 
are given Tables The data for systems mesitylene-ethyl al- 
cohol and mesitylene-propyl are arranged Tables and 


TABLE TABLE 
Alcohol System Toluene Methyl Alcohol System 


0.646 
0.622 
0.613 
0.619 
0.626 
0.626 
0.610 
0.578 


TABLE 
m-Xylene Methyl Alcohol System Methyl Alcohol System 


poises 


0.8656 0.627 0.8626 0.705 

0.8603 0.622 0.8577 0.696 

0.8524 0.8531 0.699 

0.8412 0.662 0.8401 0.721 

100 0.7923 0.578 


The density isotherms all these systems are curves convex the axis 
composition the composition the mixtures expressed molar percentages. 
the volume composition, the experirental values the deasity 
all cases fell fairly well straight lines. This sort relationship indicates 


two latter systems were investigated one the laboratory Physical and Colloid Chemistry 
the Molotov State University under the direction Prof. 


TABLE TABLE 
p-Cymene Methyl Alcohol System 


TABLE 

Mesitylene n-Propyl Alcohol System 


0.8626 
0.8471 0.855 
0.8371 1.975 


that the systems under investigation 
are formed with practically change 
Fig. Viscosity isotherms 
The viscosity curves the sys- ‘the systems formed benzene 
tems with alcohoi have very char- and its homologs with methyl 
shapes, which change alcohol. 

regular manner from one the next. 

They are compared hey all have convex and concave portions, indica- 
ting deviations from the values the viscosity. 


all the systems, the positive deviaticns observed led the formation 
maxima. maximum was absent only the isotherm the system with p-cymene, 
however, this was the result the greater value the viscosity 
comparison with that the The values maximal positive 
from additivity decrease the number carton atoms and 
the case there negative deviation, which becomes more 


appreciable the system containing benzene. These observations are summarized 
Table 


clear from Fig. that the isotherms systems with benzene have 
special position among the other systems. This resuits the anomaly already 
noted Dunstan including the fact that the viscosity coefficient benz- 
ene greater than that toluene. 


The unusual appearance the viscosity isotherms the systems contain- 
ing methyl -an explained the following manner. Associated mole-ules 
methyl alcohol dissociate when they are dissolved hydrocarbons, and 
the visccsity the Therefore the viscosity isotherms are from 
the values the ordinates the leading, *he case the 
lower homoicgs through minimum and even belcw *he straight line 


Mesitylene Ethyl Alcohol System 


0.8235 0.732 100 0.7903 1.181 


TABLE 


from additivit 


isotherms 


Deviations the viscosit 


System 


p-Cymene methyl alcohol 
Mesitylene methyl alcohol 
methyl alcohol +11. 


Toluene methyl alcohol 


Dissociation shown the negative heat mixing found for number the 
systems consisting benzene its homologs plus the lower alcohols; among 
these systems, the first two studied are included higher eoncen- 
trations factor tecomes more appreciable. This the interaction between 
the components, solvation. 


Inasmuch our measurements were carried out only single temperature, 
did not use our data for the calculation the value the tond" 
according the method However, the path the curves showed 
thet this value could not constant for the must observe that 
his theory the viscosity double liquid systems, G.M.Panchenkov does not fore- 
see the isotherms which heve simul- 
taneously both maximum and minimum. 
Apparently our data either not fit 
with this theory they indicate the fact 
that the systems studied must referred 
"Class II", i.e., they must regarded 
ternary, where the third component 
(whose concentration cannot determined) 
the solvate formed. 


Thus, our opinion, the compli- 
cated S-shaped course the viscosity 
curves must ascribed, the one hand, 
decompcsition the associated methyl 
alcohol and the other, 
the solution. 


The mutual imposition these two 
effects also leads all probability 
the practically zero change volume 
mixing, already noted above. None the less, 
Mason and Paxton [5], the basis very 
accurate measurements the density, still 
found that the system toluene methyl 
aicohol there was slight ccmpression, 
which 25° did not exceed 


burn and Lightbody [9] also found that Fig. Viscosity isotherms 
the system benzene methyl alcohol there the systems formed mesityl- 
was amount compression the ene with the lower alcohols. 


region high alcohol concentrations, and 

that, the other hand, there was expansion 

low alcohol concentrations. These phenomena are ascribed the processes 
solvation and dissociation respectively. characteristic that according 


0.660 
0.621 
0.595 
0.590 
0.638 


the the same authors the isotherms the systems formed benzene 
and toluene with ethyl alconol have the same Thus, while the sys- 
tem methyl alcohol expansion observed fat normal temperatures), 
the similar systems with ethyl definitely exists. Apparently, 
this case the phenomenon plays greater role than the system 
with methyl alcohol. can expect this still greater degree the case 


propyl 


can arrive the same conclusion the basis the vis- 
cosity the systems containing mesitylene, 2). 


the systems mesitylene with ethyl and propyl alcohols, the 
course the viscosity isotherms different from those described above. This 
the ordinary type diagram for systems which contain associated liquids. 
Apparently, these systems the effect solvation weaker, and the consider- 
able asscciation the molecules the alcohols, which are much more viscous 
than mesitylene, leads our obtaining curves which are concave over their en- 
tire course. 


SUMMARY 


The values the viscosity ‘and density) have been measured 20° for 
systems which contain methyl alcohcl with m-xylene, mesitylene, 


p-cymene, well for mesitylene with ethyl and with alcohals. 


The visccsity isotherms the first five systems are convex the 
axis composition the region low concentrations and ccncave high 
concentrations alcohol. number minima and maxima are observed 


The isotherms the last two systems are convex the axis com- 
position their entire length. 


explanation proposed for the peculiar shapes the curves. This 
found the dissociation molecules alcohol and solva- 
tion solution. 
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THE ALKYLATION ACYL DERIVATIVES AROMATIC AMINES 


THE FRIEDEL CRAFTS REACTION 


The Mendeleev Technological Institute awarded the Order Lenin 


alkylete acetanilide means elkylating The alkylation 
was carried out both under conditions described the previous communication 
and under conditions the patent literature alkylating 
butyl chloride, and the ethyl ester acid, which the 


When the alkylation reaction was carried under the conditions indicated 
that the reaction not take place even one case, and after treatment 
reaction mixture, the original was recovered almost quantitativeiy 
Wren more stringent conditions were vsed for alkylation, established 
during the alkylation with bromide the presence 
chicride tus found that the acetanilide place 

only under the action tert. butyl chicride. The the cther alkylating 
substances above was the used for the 
reaction was recovered almost alkylation 
tert. butyl chloride took piace these conditions fairly and 
yield butylacetanilide was small when more conditions 
102° and the was continued for three hours the yield butyl- 
acetanilide become amounted theory, basing the cal- 
culation the acetanilide which reacted, basing the 
the acetanilide used for the reaction. 


The formation p-tert. can indi-ated its overall 
aspect the equation: 
- Aic / \ reos lala aed 
’ to 


bromide the presence chloride. 


k 
. 
es 
*, 
. 
Qe 


known that compounds which contain the carbonyl group easiiy form complexes 
with aluminum chloride [4]. The complex compounds formec react with the alkyla- 
ting agent, the isobutyl bromide, give triple complex: 


The existence triple complexes aluminum chloride, com- 
pound, and halide has teen shown Norris 


The next stage the reaction appears the conversion the isobutyl- 
bromide into tert. butyl bromide inside the triple compiex. known that iso- 
butyl bromide and isobutyl iodide easily isomerize into tert. butyl bromide and 
even upon heating isomerization takes place more easily the pres- 
ence aluminum chloride. The cnnditions under which the experiment carried 
out (increased temperature and the presence aluminum chloride) are entirely 
favcrable the possibility such isomerization: 

The interaction the with acetaniliae inside the 
triple complex leads the compound tert. acet- 
anilide, aluminum and hydrogen 

Under the conditions which the carried out, this complex compound 
decomposed with the evolution hydrogen halide, which consists mixture 
hydrogen chloride and bromide, accordance with cbservations previously made 
the content hydrogen chloride and bromide this mixture was not deter- 
mined. 


Consequently, the tert. butylacetanilide the action 
tutyl bromide the result its isomerization give tert. butyl The 
absence reaction the acetanilide and ethyl bromide, n-propyi bromide, 
n-butyl bromide, and the ethyl chloride which formed the de- 
composition the ethyl ester chlorocarbonic acid the presence aiuminum 
chloride, permite assume that order for the alkylation acetanilide 
take place the nucleus the presence aluminum chloride, tertiary alkyl 
halides must used, alkyl halides which are capable under the conditions 
the reaction isomerizing give tertiary alkyl halides. The alkyl halides 
enumerated above are not tertiary, and their isomerization aoes not lead the 
formation tertiary alkyl halides. 


The Alkylation Acetanilide with Tert. Butyl Chloride 


three-necked flask fitted with reflux condenser, dropping funnel, 
and stirrer, there were placed 150 symm. tetrachloroethane, 
mole) acetanilide, and (0.30 mcle) aluminum chloride. The 
mixture was heated the bath 60° while being stirred until the forma- 
tion uniform solution, and was then cooled room temperature. the 
cooled solution there was drop drop, with stirring, (0.29 mole) 
tert. butyl chloride. The mixture was heated 55-60° and maintained this 
temperature for minutes, after which the temperature was raised 100-102° 
(the bath salt sclution) and the reaction mixture was maintained this 
temperature for three hours After this the contents the flask were cooled and 
decomposed pouring into dilute solution hydrochloric acid (1:2). The 
tetrachloroethane layer was removed, washed with water, and transferred flask 
with 250 30% sulfuric acid. The mixture was distilled with steam until 


1488 


was more distillation the tetrachloroethane. The residue was made 
alkaline with caustic alkali and steam distillation was continued, the 
collected being kept separate from the preceding one. The free amines were ex- 
tracted from this distillaté with ether, and the ether solution was dried with 
caustic potash and the ether driven off. From the residue, products which boiled 
194° were distilled. The distillate, which boiled chiefly from 182 188°, 
weighed After treatment with acetic anhydride gave acetanilide, iden- 
its melting point, and the absence lowering the melt- 
ing point when mixed with acetanilide. The residue from the weighed 
8.5 and after treatment with acetic gave 9.7 substance which 
after repeated recrystallization from dilute melted 167-169° and gave 
depression the melting point when mixed with butylacetanilide. 


After the distillation, there remained the fiask solid material. 
After repeated recrystallization from alcohol, this melted 168-169°, 
and gave icwering the melting point when mixed with p-tert. butylacetanil- 
ide, this indicated the identity this substance with p-tert. 
The total yield p-tert. was thus 29.7 which amounted 
76% based the acetanilide which had reacted 62% based the acetanilide 
used the reaction. 


SUMMARY 
has been found that acetanilide not methyl iodide, 


ethyl bromide, n-propyl bromide, bromide, and the ethyl ester 
carbonic acid the presence aluminum chloride. 


The reaction acetanilide with tert butyl chloride the presence 
aluminum chicride ieads the formation p-tert. butyl acetanilide. 


Opinions have expressed with regard the mechanism alkylation 
the acetanilide. 
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DERIVATIVES ACETYLENE 


THE MECHANISM HYDRATION AND CYCLIZATION THE DIENINES 


the Method and Cyclization the: Dienines 


Institute Organic the Academy Sciences the USSR 


preceding articies have shown that dienines which contain aro- 
matic radicals can hydrated and give the 
ones the same way the dienines the aliphatic and alicyclic series. Thus, 
for has been shown [2] that 5,0-diphenyl-1,5-hexadiene-3-ine easily 
hydrated aqueous solutions the presence sulfuric and 
mercury sulfate $,6-diphenyl-1,5-hexadiene-4-one, and that the latter, under 
the influence phosphoric acid quantitatively cyclized give 1,2-diphenyl- 


| i, 


Thus, the reactions hydration and cyclizaticn the which have been 
discovered our laboratory can successfully applied the synthesis var- 
ious cyclopentenones containing not only but also aromatic substituents. 


was interest this method elso the synthesis cyclopentenones 
containing p-hydroxyphenyl radicals. 


the starting for these syntheses used desoxyanisoin (I), 
upon which vinylacetylenyl magnesium bromide acted give p-methoxyphenyl-p- 
methoxybenzyl-vinylethinyl carbinol (II) more than 90% yield. This carbinol, 
however, was not isolated pure form, upon distillation even vacuum 
0.06 decomposed give vinyl acetylene and the original desoxyanisoin. 
The carbinol (II), like the other aromatic vinylethinyl carbinols, was extremely 
easily dehydrated the presence traces acid reagents, give almost 
quantitative yield 5,6-di-(p-methoxyphenyl)-1,5-hexadien-3-ine Upon 
hydrogenation the dienine (III) with catalyst solution glacial acetic 
acid, mclecules hydrogen were absorbed and -hexane 


was formed. This was then demethylated means 


(V). Upon heating the dienine (III) aqueous 
solutions methanol, the presence sulfuric acid and mercuric sulfate, 
(VI) was formed good yield. 
the conditions this reaction was give 1,2-di-(p-methoxy- 
phenyl) {VII). 


° 
+ 


When the cyclopentenone (VII) was demethylated means concentrated 
hydrobromic acid solution glacial acetic acid, 
(VIII) was obtained 75% yield. more care- 
ful demethylation the cyclopentenone (VII) the (XI) (XII) 

was also obtained, with content single methoxyl group. 


CHs CHs 


Upon reducing the cyclopentenone (VIII) the Clemmensen method, 
2,3-di-(p-hydroxyphenyl)-cyclopentane was formed, obtained the form 
very viscous mass, distinguished from all the other products described above, 
which were well-crystallized substances. has been noted previously more than 
once, the hydrogenation the cyclopentenones which have two substitu- 
ents attached the ring double bond (especially aromatic heavy aliphatic 
substituents) takes place under ordinary conditions very slowly, 
tne screening influence these substituents the double bond (steric hindrance). 
Usually the hydrogenation such the presence catalyst 
alcohol solution does not take place all, and therefore carried out 

solution glacial acetic acid. Under these conditions the cyclopentenone 
(VII) can also hydrogenated give the cyclopentanone must note that 

the preceding communications [2], completely incapable being hydrogenated 

the presence catalyst room temperature, and this hydrogenation was 


heptane was 


the 
‘XIX). 
one (XVITI) give the cyclopentenone 
150-155° 
acid solution glacial acetic acid gave 
(XX). 

presence cataiyst room temperature 


carried only temperature 100°. Consequently, the 
methoxyl groups into the aromatic nucleus considerably facilitates the hydrogen- 
ation the double bond the cyclopentenone 


The compounds (VIII) and (IX), which were synthesized us, may 
cyclic analogs stilbestrol (XIII) and hexestrol (XIV), which have, 
well known, remarkably high estrogenic activity [3]: 


(XIII) 


Fowever, the compounds (VII), (VIII), and (IX), when tested infantile mice 
doses showed estrogenic activity. This may expiained the 
cis configuration these compounds [4]. known that the great biclogical 
activity stilbestrol, well the natural steroid hormones, related 
the trans configuration these compounds. 


the method hydration and cyclization dienines also synthesized 
the cyclopentenone which contains only single p-hydroxyphenyl radical 
the starting material for this synthesis used (XV), 
upon which vinylacetylenyl magnesium bromide give 
(XVI), the latter being dehydrated give 
yl-1,5-heptadiene-3-ine 


solution methanol, molecules hydrogen were absorbed 
When the dienine was hydrated solu- 


tions methanol the presence sulfuric acid and mercuric sulfate, high 


5-p-methoxyphenyi-1,5-heptadiene-4-one was obtained. 


Even under 
the reaction this was partially cyclized 


give 
The the dien- 
‘XIX) took place completely upon heating 
Demethylation the cyclopentenone (XIX) means hydrobromic 
Hydrogenation the (XIX) the 
tock extremeiy siowly even 


not under these condi- 
tions. 


CHa- 


temperature 105° for hours. Then additional potassium cyanide were 
added, and the stirring was again continued for hours. After the solution had 
been cooled, the precipitated potassium cyanice was filterea off, and the filtrate 
was allowed stand vacuum remove the alcohoi. During this ‘process, 
precipitate anisoin formed, and after minutes the mixture almost solidified. 
The anisoin was filtered off vacuum and washed the filter with 40% alcohol 
until the wash liquid remained colorless. After from 50% alco- 
hol, anisoin were obtained, which melted 112-113°. The filtrate was 
diluted with water, and heavy dark-yellow oil precipitated out. This was dis- 
solved of.alcohol, anc the solution there were added water 
and potassium cyanide. The reaction mixture was stirred for hours 
bath temperature 105°. After treatment manner similar the preceding, 
additional 13.5 anisoin was obtained. Thus, from anisoic aldehyde, 


anisoin was obtained [5]. 


and 128 hydrated stannous chloride there were added 120 
concentrated hydrochloric acid and 125 aicohol. The mixture was heated 
the boiling water bath for hcurs with vigorous stirring, and then poured into 
500 hydrochloric acid. The desoxyanisoin which precipitated out after 
cooling was filtered and washec with water until there was more acid the 
wash water. After recrystallization from petroleum ether, desoxyanisoin 
was obtained; melted 109-110° [6]. 

The p-methcxyphenyl-p-methoxybenzyl-vinylethinyl carbinol. 
ether solution magnesium bromide prepared from mag- 
nesium, 115 ethyl bromide, 600 ether, and 100 vinylacetylene, 
there was added over period minutes, with vigorous stirring, des- 
(m.p. 109-110°). The reaction mixture was stirred for 
hours, then aliowed stand hours room temperature, and after hours 
heating 40-50° was carefully means 350 10% hydro- 
chloric acid temperature 20°. The product was extracted with ether, washed 
with solution sodium bicarbonate, and dried with potash. After the ether had 
been driven off vacuum, extremely viscous syrupy dark-yellow liquid 
was obtained. This was crude carbin- 
(II). When attempt was made distil the carbinol vacuum 
the presence hydroquinone, decomposed give vinylacetylene and 


the raw carbinol was diluted twice the volume with ether, 
10% hydrochloric acid was added the solution, and the ether was slowly 
Griven off the water bath, whose temperature the end the distillation 
had risen 60°. the surface the liquid there appeared aqueous layer. 
fter all the ether had been driven off, the reaction mixture was cooled. 
crystallized completely. The product was recrystallized from 90% 
the form light-yellow needles which melted 


13.2 the crude carbinol (II) was mixed with p-toluenesulf- 
onic acid. The reaction mixture was heated for minutes vacuum 
100°, until there was evolution water. After the residue had been 
cooled the flask, Recrystallization from 90% alcohol gave 
the dienine (III) the form light yellow silky which melted 
84°, and dissolved easily hot and with great difficulty cold alcohol. 


Found 82.66, 82.74; 6.34, 6.27. 


acetic acid. Over period hours,. 600 hydrogen were absorbed, 
500 this being absorbed one and half hours. After the acetic acid had 
been driven off, the substance was distilled vacuum. 1.8 
(IV) was cbtained the form colorless viscous liquid. 


B.p. mm, 1.5429, MRp found 89.9. 
computed 90.56. 


ound 80.29; 8.85. 
acid which had been saturated 23°. The mixture was 
120° for 2.5 hours. The acid was driven off vacvum means 
pump, and the substance dissolved caustic soda. order re- 
move the neutral products from the alkali, the solution wa. treated three times 
with ether, acidified with hydrochloric acid, and the product extracted with ether 
and dried over magnesium sulfate. the ether had been ariven off, the sub- 
stance was distilled vacuum. (V) was 
obtained. 212-215° mm. The substance was light-yellow extremely 
oil, which after days crystal_ized give crystalline 


The hydration and cyclization 
anol, and the solution there was added 0.9 mercuric sulfate, and 


the dienine The mixture was stirred temperature 60° for 2.5 hours. 


with water The partially crystallized oil which 
cut was removed and heated for minutes 100° with phos- 


proric acid gr. order remove the phosphoric acid, the reaction 
mixture was toiled twice for minute with water. The solid 
reaction product was then scueezed between sheets paper and heated 
one was obtained. 0.067 mm. 134° (from gasoline) 


mercuric sulfate, and the dienine were stirred for hours 
mercuric sulfate were added. reaction the soiution was dilu- 
ted with water ml), and the oil and the bottom 
were and washed with ether. This gave 


The viscous cil obtained after ether contained the dienone 


acid. cooiing, mixture The product 


5-one 


uric sulfate, and the dienine (III) were stirred 65° for hours. 
ing this time crystalline precipitate with black color formed. 
removed decantation, and the precipitate was washed with ether. 


Dur- 
The water was 
After recrys- 


tallization from gasoline (boiling range 110°) 1,2-di-(p-methoxyphen- 
(VII) were obtained the form light-yel- 


low lustrous crystals melted 


5.809 substance: 
Found 

Computed 
Found 


78.56, 78.08; 6.85, 6.62. 
77.85; 6.49. 

OCHa 20.7 (Tseizel). 

20.1. 


obtained the form white crystals, 


6.210 
6.170 substance: 
Found 

Computed 


The hydrogenation 1,2-di-(p-me 


m.p- 185° (from alcohol). 


0.253 (22°, 751 

0.242 (20°, 753 mm). 

4.65, 4.52. 

were hydrogenated with catalyst 
The hydrogen was atsorbed rate 


1320 hydrogen had been 
material distiiled vacuum. 1.2 


The acetic acid was driven off and the 


pentan-5-one (X) was the form light-yellow, extremely viscous 
b-p. mm. This geve crystalline oxime with m.p. 148.5° 


(from 50% alcohol). 
4.980 substance: 
5.590 substance: 
Found 
Computed 


0.188 (18°, 748 mm). 
0.203 (19°, 748 mm). 
4.36, 4.18. 

4.31. 


addition the cyclopentanone (X) this experiment gave 3.4 main 


fraction (boiling range 165-228° 1.5 


mm) which was not further 


and was all probability mixture the cyclopentanone (X) with the products 
its further hydrogenation, which the ketone group was reduced. 


The demethylation 


hydrobromic acid and glacial acetic acid. 
The acids were then neutralized with 10% alkali, the 


120° for minutes. 


The solution was heated 


alkaline solution was filtered, repeatedly extracted with ether, diluted with 
water ml, heated boiling, and acidified with concentrated hydrochloric 


acid while undergoing vigorous stirring. 


The crystals which precipitated were 


filtered off, washed the with 90% methanol, and recrystallized from 


90% methanol. 


(VIII) was obtained the form light-yellow crystals which melted 268°. 


3.685 substance: 
3.990 substance. 
Found 

Computed 
0.0865 substance. 
0.0932 substance: 
Found 
Computed 


77.1; 
13.70 methane (20°, 756 mm). 
15.95 methane (20°, 758 mm). 
‘OH 11.18, 11.92. 

12.14. 


the analysis (Tseizei) the cyclopentenone (VIII), methoxyl groups 
were detected. 


(VIII) melted 223° (from 4C% methanol) 


Found 4.577. 


and the cyclopentenone was heated for minutes 110°. The acids 
were quickly driven off vacuum (20 mm), the substance was dissolved three 
percent caustic soda, the alkaline solution was filtered, heated boiling, and 
acidified with concentrated hydrochloric acid. When the solution was cooled, the 
crystals which precipitated were removed, washed with 90% methanol, and boiled for 
minutes with benzene. 0.9 the cyclopentenone (VIII) described 
above was obtained. This melted recrystallization from 90% methanol 268°. 
When the benzene solution was cooled, 0.2 white crystals precipitated out 


it, these were the partially demethylated product, either cyclopentenone (XI) 
(XII), with m.p. 172°. 


Found OCH3 10.78 (Tseizel). 


the reaction flask the Tseizel apparatus the cyclopentenone (VIII) 


was obteined, melting 268°, snd giving lowering when the preced- 
ing sample, from experiment (a). 


which had been saturated 15°, and the cyclopentenone (VII) was heated 
for hours temperature 110°. The acids were quickly distilled off 
vacuum, and the product was dissolved caustic soda, diluted with 
water 100 ml, and the solution filtered. the there was left 0.2 
the original cyclopentenone The filtrate was acidified with concentra- 
ted hydrochloric acid, tne precipitated crystals were filtered off, washed with 
90% methanol, and with boiling tenzene. After recrystallization from 90% 
anol, 1.4 the cyclopentenon was obtained, with b.p. 268°. 


clopenten-5-one. “of zinc were treated with 0.2 
mercuric chloride 3.5% hydrochloric acid for minutes. After the 
amalgamating had been removed, there was poured over the zinc mixture 
concentrated hydrochloric acid. The reaction mixture was boiled for hours, and 
water was then added it, and the reaction product was carefully ex- 
tracted with ether. The ether extract was washed four with water, neutral- 
with sodium bicarbonate, ard dried over magnesium sulfate. After the ether 
had been driven off, the substance was distilled vacuum. 1.4 1,2-di- 
was obtained the form extrem- 
ely viscous light-yellow non-crystalline mass. 215-220° 


The synthesis ethyl-p-methoxyphenyl ketone. aluminum chlor- 


ide was placed under layer carbon (200 ml) there was added 
chloride. Then, -5°, anisole was added. The reaction mixture was 
stirred for hour room temperature. The carbon disulfide layer was removed, 
washed with water and sodium bicarbonate, dried with potash, and the carbon di- 
sulfide driven cff. The product was then distilled ethyl-p- 
methoxyphenyl ketone was obtained. B.p. 107° mm, 1.5477. 


The synthesis ethyl-p-methoxyphenyl vinylethinyl carbinol and 5-p- 


methoxyphenyl-1,5-heptadien-3-ine. ether solution vinylacetylenyl mag- 
nesium bromide, prepared from 135 magnesium, ethyl bromide, 


vinylacetylene, and ether, ethyl-p-methoxyphenyl ketone was 
added The reaction mixture was heated for hours until the ether boiled 
vigorously. was then cooled and decomposed with water. The ether 
layer was poured off and the precipitate was three times with ether. The 
united ether extracts were dried with magnesium sulfate, and the ether then driven 
off vacuum. About crude ethyl-p-methoxyphenyi-vinylethinyl carbinol 
(XVI) was obtained the form extremely viscous dark-yellow liquid. Upon 
heating vacuum 60°, this carbinol split off water and was converted into 
5-p-methoxyphenyl-1,5-heptadien-3-ine (XVII), which was distilled vacuum. 
5-p-methoxyphenyl-1,5-heptadien-3-ine (XVII) was cbtained the form 
light yellow liguid with pleasant odor. 
B.p. 132° 1.5 mm; 1.019, found 66.80, computed 61.62. 
Found 83.33, 83.46; 7.70, 7.48. 


dienine (XVII) was hydrogenated with catalyst solution meth- 


anol. 1370 hydrogen was absorbed. Most the hydrogen was ab- 
sorbed hours. The methanol was driven off and the substance fractionated 
vacuum. 1.5 5-p-methoxyphenylheptane (XXI) was obtained. 


computed 65.2. 


Found 79.97; 10.65. 


The hydration 5-p-methoxyphenyl-1,5-heptadien-3-ine. the dien- 
trated sulfuric acid 100 95% methanol. The solution was vigorously 
for hours 65°. Both and hours after the beginning the re- 

action, 0.5 portions mercuric sulfate were added the reaction mixture. 
The methanol was driven off vacuum (100 mm) the substance was extracted 
with ether, washed with sodium bicarbonate, dried with calcium chloride, and 
after the ether had been driven off, distilled vacuum. 6.5 mixture 
5-p-methoxyphenyl-1,5-heptadien-4-one (XVIII) and 
(XIX) was obtained, boiling within the limits 140 160° 
1.5 1.5595. The mixture was heated for minutes with 0.1% p-toluene- 
sulfonic acid 155°, and then quickly distilled vacuum 1.5 mm. The 
-5-one (XIX) the form light yellow extremely viscous liquid with pleas- 
ant honey oder. 150° 1.5 mm; 1.5775. 
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entenone 204.5° (from 


-- 


C148 3,602. Comp it 2a & =i 


saturated 25°. The acids were driven off mm) and the 

carefully extracted with ether, 

The substance wes extrac- 


and cidified with concentra 
ted with ether, dried over end after removal the ether. dis- 
After was rubbed with giass rod, After 

Found 77.54, 7.13, 7.27. 
Tre express treir thanks and their scien- 
*ific torsky for out the estrogenic ac- 


the compounds ‘VII, and IX). 


more than 90% vield 
‘II). The dehydration this geve 
dienone was formed, and during process this reacticn 
one Thus, the dienine can completely converted into the 


” 


The 
7 
SUMMARY 
‘ 


(XVI) which, upon heating, spontaneously lost water give 5+p-methoxyphenyl- 
-1,5-heptadien-3-ine (XVII). The dienine (XVII), upon heating aqueous solu- 
tions methanol was hydrated fairly slowly, but good yield, give 5-p- 
methoxyphenyl-1,5-heptadien-4-one (XVIII), which under the conditions hydra- 
tion was partially cyclized into 
en-5-one (XIX). 

The dienone (XVIII) was easily cyclized into the cyclopentenone (XIX) also 
short period heating with p-toluenesulfonic acid. The cyclopenten- 
one (XIX) was demethylated mixture glacial anc hydrobromic acids give 
(XX). 
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Give 5-Pentadien-4-one and its Cyclization 


New Type Cyclization Substituted Vinyl Allyl Ketones. 
which not have Free Hydrogens the Vinyl Radical 
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our the course the past six years, have shown 
numerous examples that the substituted vinyl allyl the 
tion dienires are cyclized with extreme ease, and the majority cases al- 
most quantitatively, under the influence acids and others) give 
the corresponding cyclopentenones 


can seen from this equation, ali these cyclizations usually be- 

cause the free hydrogen the end the vinyl the dienone. However, 
has been found late our laboratory that cyclization give cyclopenten- 
ones can also carried out with those dienones ‘substituted vinyl ketones) 


which not have free hydrogen the vinyl radical. This was illustrated 
the following example [2]: 


+akes place quantitatively under 
the influence phosphoric acid even room temperature. 


This cyclization especial interest for understanding the mech- 
anism these processes. shows that order carry out the cyclization 
vinyl allyi ketones into cyclopentenones, the free hydrogen the 
group obligatory, and that these can take place 


easily because the free hydrogens the allyl radical. became very desir- 
able and necessary these interesting otner examples 
well. the starting material for these investigations used isopropylphen- 
carbinoi (I), obtained yield about 30% the action 
vinylacetylenyl magnesium bromide isopropylphenyl ketone. Upon hydrogenation 
the carbinol (I) the presence catalyst, three molecules hydrogen 
were absorbed, and isopropylbutylphenyl carbinol (II) was formed. 


The dehydration the carbinol (I) means 60% sulfuric acid potas- 
sium bisulfate gave 5-phenyl-6-methyl-1,5-heptadien-3-ine (III), which upon heat- 
ing aqueous solutions methanol the presence sulfuric and mercuric 
sulfate was smoothly hydrated (IV). Upon 
hydrogenating the dienine (III) with the required theoretical amount 
four molecules were absorbed, and 5-phenyl-6-methylheptane (VI) was 
formed; during similar hydrogenation the dienone (IV) two molecules 
hydrogen were absorbed, and (VII) was formed. 


CeHs 
CeHs 


(VI) 


Under the influence acids (phosphoric, sulfuric, hydrochloric, p-tol- 
uenesulfonic) the dienone (IV) was completely cyclized with the formation 
(V). This cyclization under the 
influence phosphoric acid, also the case 5-isopropyl-6-methyl-1,5- 
took place easily even room temperature (with decomposition). 


The cyclopentenone (V), upon hydrogenation with catalyst, absorbed one 


(Ix) 
Hi 
(Iv) 
(III) 
(VII) 
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molecule hydrogen and was converted into 
(VIII). 


The structure the cyclopentenone was decisively demonstrated 
means ozonization, during which high yield formic acid and a-phenyl- 
acid (IX) was obtained. The latter was then oxidized with 
alkaline bromine give the well-known a,a-dimethyl-a'-phenylsuccinic acid 


The carbinol and the dienine (III), from the aliphatic 
and alicyclic vinylethinyl carbinols and the dienines which correspond then, 
are incapable being directly converted into the (V) under the 
phosphoric acid. This explained the inability the 
aromatic dienines become hydrated the corresponding dienones under these 
conditions. The hydration the aromatic dienines can take place smoothly only 
the presence mercury catalyst. 


All the cyclization reactions the vinyl allyl ketones 
give cyclopentenones teke place only acid medium, and therefore, the hydrogen 
ion must the initiator these cyclizations. Therefore the most probable 
mechanism these reactions, has already been developed one de- 
tail previously [4], can indicated the following equations: 


(b) 


case the dienone does not have free hydrogen the vinyl radical, 
and the cyclized ion (b) which formed cannot therefore stabilized, the iso- 
merization the cyclic ion (b) takes place, with the shift hydrogen and 
the formation new cyclic ion (c), which then also stabilized the re- 
lease proton give cyclopentenone, but with the double bond dif- 
position: 


(a) (b) 
EXPERIMENTAL 


The synthesis isopropylphenylketone. The acid chloride isobutyric 
acid was obtained yield the reaction silicon tetrachloride mol. 
with isobutyric acid 50° for period hour. 


mixture 150 ground aluminum chloride and 200 dry benz- 
ene there was added over period hour, with vigorous stirring, the 
acid chicride isobutyric acid. The mixture was then poured over ice, the benz- 
ene layer removed, the aqueous layer extracted with benzene, and the united benz- 
ene extract washed with sodium bicarbonete, dried over magnesium sulfate, and the 
benzene driven off. The product wes vacuum. 103 


ketone was obteined with b.p. 75.6° mm; 
The synthesis isopropylphenylvinylethinyl ether solu- 


tion vinylacetylenyl magnesium bromide prepared from 145 

ethyl bromide, 400 absolute ether,and 100 vinylacetylene, there 
phenyl ketone. The reaction mixture was then heated for hours until there was 
vigorous boiling the ether, and allcwed stand for hours room tempera- 
ture. After 0.2 hydroquinone had been added, the product was slowly hydroly- 
zed with water (30 ml) and then, order dissolve the precipitate, there 
was added, drop drop, 260 15% hydrochloric acid. The ether extract was 
washed with sodium bicarbonate dried over magnesium sulfate, and the ether driven 
off. The product was then fractionated vacuum. 116 
ethinyl carbinol (I) was obtained the form viscous, colorless liquid: 


B.p. 108° 1.5477; 1.018, found 63.52; computed 62.27 


Found 83.69, 83.74; 8.30, 8.05. 


The hydrogenation isopropylphenylvinylethiny! carbinol. the 
hydrogen were absorbed. The was driven off, and the 
substance fractionated vacuum. 1.8 isopropylphenylvinylethinyl 
(II) was obtained: 


B.p. 107-108° mm, 1.5102, 0.9562, found 64.38; 
computed 64.74. 


3.637 substance: 10.821 COs; 3.401 
Found 81.20, 10.46. 


The dehydration isopropylphenylvinylethinyl carbinol. the 
carbinol (1) and 60% sulfuric acid were vigorously stirred for min- 
utes 70°. The mixture was diluted with water (100 ml), extracted with ether, 
the ether extract washed with solution soaium dried with mag- 
nesium sulfate, and the ether driven off. The substance was fractionated 
vacuum. 5-phenyl-6-methyl-1,5-heptadien-3-ine (III) was obtained the 
form light-yellow liquid with flowery odor. 


B.p. 94-95° 1.5 mm; 1.5772 0.956; found 63.15; 
computed 60.28. 


Found 88.85, 7.86, 7.64. 


Upon standing, the dienine darkened and was oxidized. This also 
explains the lowering the carbon content its analysis. 


heated 160° for minutes vacuum mm. The product was then quickly 
distilled vacuum (3-4 mm). After the water had been removed, this operation 
was repeated twice more. There was finally obtained 7.5 the 5-phenyl-6- 
methyl-1,5-heptadien-3-ine (III) described above. 


B.p. 1.5 mm; 1.5770. 


the dienine was hydrogenated solution glacial acetic acid with 


1504 


catalyst. 620 hydrogen were absorbed. The acetic wes driven 


the substance diluted with ether, washed with soiution sodium bicarbon- 
dried with magnesium sulfate, and the ether driven off. The substance was 
then distilled vacuum. 1.2 (VI) was obtained. 
B.p. 71-72° mm; 1.4980, 0.8875, found 62.8; computed 63.2. 
Found 88.37, 88.43; 10.98, 


sulfuric acid 450 methanol. The reaction mixture was stirred vigor- 
ously for 1.5 hours 65°, and more mercuric sulfate then added, and the 
stirring was the same temperature for additional 1.5 hcurs. The 
methanol was driven off vacuum ‘100 mm), and the substence was dissolved 


ether, washed with solution sodium bicarbonate, dried with magnesium sulfate, 


and the ether off. substance was then distilled vacuum. 
mixture (IV) and the methoxy ketone 

corresponding it, with boiling range from 110 130° mm, was obtained. 
order split the methanol off from the the mixture obtained 
The thus obtained was fractionated vacuum; 


The lst had b.p. 110-112° mm, fraction, b.p. 112- 


The fraction consisted 
and was light yellow oii with pleasant odor. 


B.p. 110-112° mm, 1.002, found 63.3, computed 62.28. 


4.760 substance; 14.620 COs, 3.415 
Found 83.74, 8.06, 8.03.. 


attempt obtain the dienone did not lead 
positive results. 


The third fraction was 


and was colorless crystalline substance, which crystallized slowly after 
distillation: 


mm, m.p. ‘from 80% alcohol}. 1.5520; 
found 61-15, computed 60.55. 


Found 83.43, 83.69, 8.05, 8.15. 


The the cyclopentenone melted with decomposition 
(from 


4.440 substance: 631 753 mm). 


and the cyclopent- 


encne This was treated for the purpos 


re we 


7 


phosphoric acid (sp. gr. 1.82). This resuited the température the mix- 
ture rising 60°. After minutes heating 70°, the product was diluted 
with water, the substance extracted with ether, washed with solution sodium 
bicarbnnate, dried over magnesium sulfate, and the ether driven off. The subs- 
tance was then distilled vacuum give the cyclopentenone (V) des- 
cribed above: 


B.p. 129-130° mm; 1.5520; m.p. 46° (from 80% alcohol). 


dienone (IV) were hydrogenated with catalyst solution glacial 
acetic acid. 450 hydrogen mol.) were the first molecule 
hydrogen (220 ml) being quickly and the molecule hyrogen being 
absorbed very slowly. The acid was driven cff and the ketone distilled vacuum. 
1.6 (VII) was obtained 


semicarbazone this ketone melted 192° (from alcohol). 


3.350 substance: (22°, 756 mm). 
Found 15.98. 

dienone (IV) (b.p. were poured with continual stir- 
ring into concentrated phosphoric acid gr. 1.82). The mixture evolved 
heat temperature 85°, and quickly became completely uniform. 
The product was kept for minutes 70°, with water, extracted with 
washed with solution sodium bicarbonate, dried with magnesium sulfate, 
and the ether driven off. was then distilled vacuum. 
‘V) were obtained, with b.p. 129-130° 
mm; 46° (from 80% alcohol}. The this cyclo- 
pentenone melted 221.5° and did not cause the melting point when 
mixed with the sample described above. 


vacuum distillation gave 2.2 
one, b.p. 129-130° mm, m.p. 46°, identical with the sample described above. 


Thus, the cyclization took place 
during the treatment both with phosphoric acid and with p-toluenesulfonic acid. 


The hydrogenation yclopenten-5-one. 
the cyclopentenone (b.p. mm) were hydrogenated with cat- 
alyst solution methanol. The hydrogenation took place rapidly 
and was complete after hours, most the hydrogen being absorbed during the 
first half hour. total 440 hydrogen mol was absorbed. The meth- 
anol was driven off and the substance distilled vacuum. 3.8 
2,2,3-trimethylcyclopentan-5-one were obtained: 


computed 61.02. 


substance: 0.589 (21°, 750 mm). 
Found 16.30, 16.31. 
The semicarbazone this ketone melted without decomposition 223° 
(from alcohol). 


mixed test with the semicarbazone the cyclopentanone melted 217°. 
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acetic acid, molec 


Upon 


absorbed and same subst: 


. 


enation methanol. 


period hours with oxygen containing ozone, with velocity 
liters per hour. The chloroform was driven off and the ozonides de- 
stirring for hours with water 90°. mixture was nev- 
tralized with sodium bicarbonate, and treated with ether extract neutral prod- 
ucts, which, however, almost none were present. Cne-fortieth the solution 
the salts was utilized for formic acid the method. 
This gave 0.145 calcmel, which total formic acid content 
the solution 0.57 36% the theoretical. 


the salts acids wes tnen with concen- 


trated hydrochloric acid, and the formed was filtered 
off, and twice from hot water. 


3 
acid was with The filtrate was neutralized with 
bicarbonate, evaporated ss, *he salts with concentrated hydro- 

chloric acid, and the acids extracted with ether. Thus, additional 0.3 


a-id was obtained, which melted 140° 
The total yield this acid was 6.3 

The the acid was obtained, 


060 substa 


n 
~~ 

5 

F una 

a 


there was ded, drop with cocling ice water, 1.7 brom- 
ine. volumirous white came out, and course hours 
stirring this went into emitting odor bromoform 
ou* the bottom the flask form heavy drops. 
solution was a-i acid ‘7.5 anda precipitate 
water, this melt 


28. 


7 
0.0762 substance. 17.93 aioxane. 
Found. 214. 
. 
Found: 219.5. 
220. 
Found 64.98, 64.85, 6.50 
Founde 
- 
6), i 


: 


extracted with ether, washed with sodium bicarbonate, and dried with calcium chlor- 
ide. After the ether had teen driven off, the substance was distilled vacuun. 

total 0.2 liquid came over, boiling within the limits i30° 
1.6 tar remained the flask. From the distilled liquid was possible 
obtain semicarbazone, which, after recrystallization from melted 
221°, and gave depression the melting point with the semicarbazone, which 
had been described above, (v). 


SUMMARY 


The action vinylacetylenyl magnesium phenylisopropyl ketone 
gave yield phenylisopropylvinylethinyl carbinol (I). dehydration 
with 60% sulfuric acid potassium bisulfate, this gave 5-phenyl-6-methyl-1,5- 
heptadien-3-ine (III). This dienine, upon heating aqueous sclutions meth- 
anol the presence acid and mercuric sulfate, was hydrated good 
yield give 5-phenyl-6-methyl-1,5-heptadien-4-one (IV), and the latter, upon 
distillation with acid upon treatment with phosphoric acid 
was completely cyclized into (V). 
Thus has been that order cyclize 1,5-dien-4-ones (substituted vinyl 
allyl ketones) cyclopentenones, the presence free hydrogen atom the 
end carbon the vinyl radical not indispensible, and that this cyclization 
can also take place means the hydrogens the allyl group. 
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take place the follewing general equa 


our present articie have continued our study thes 
r + 


our starting material butyivinylethinyl cerb- 


our laboratory have recentiy new type sub- 
[2,2] 
~ 
-- 

trese new examples, the cyclization ketones takes 

4 

wes explained the basis single group were turn 
based idea the formation cyclic ions. 


When the dienine (III) was hydrated aqueous solutions methanol, 
the presence sulfuric acid mercuric sulfate, 5-tert. butyl-6-methyl-1,5- 
(IV) was obtained, and this, under the influence phosphoric 
acid, was easily cyclized 
one (V). 


result the presence heavy. branched radical (tert. 
alongside the triple bond, the dienine (III) was hydrated small fraction 
the speed the cther unsymmetrically substituted dienines, which contained 
smaller aliphatic radicals (for example, methyl and ethyl similar 
hindrance the hydration dienines result the screening the triple 
bond aromatic and large aliphatic radicals has also been noted previously 
our laboratory entire series other examples 
5-methyl-1,5-tetradecadien-3-ine, 5,6-diphenyl-1,5-hexadien-3-ine, and others). 


Bro 
NaOH 


(III) (v) 


(VIII) 


The (IV), upon hydrogenation solution methanol with 
absorbed two molecules hydrogen, and was converted into 5-tert. 
(VII). During this process the first hydrogen molecule, 
which corresponded the hydrogenation the allyl radical the dienone (IV) 
was added very and then the hydrogenation the considerably branched 
viryl radical slowed down sharply (to 1/15th 1/20th), and was competed only 
after many hours shaking. The same sharply stepwise character hydrogen- 
ation was also observed our laboratory the case 5-isopropyl-6-methyl-1,5- 
heptadien-4-one, where the substituted allyl radical was also hydrogenated rapidly, 
and the completely substituted and strongly branched vinyl radical was hydrogen- 
ated with extreme difficulty, and under ordinary conditions could not even 
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hydrogenated all, [2}. 


The cycloperitenone (V), like the other cyclopentenones similar it, 
which contained only single substituent (the methyl group) the double bond 
the ring, was hydrogenated with catalyst even methanol solution with 
ease, and was thus smoothly converted into the corresponding saturated cyclic 
ketone, (VIII). 


The structure the cyclopentenone (V) was also confirmed means 
ozonation, giving result formic acid and 
acid (IX), which upon oxidation with alkali and bromine was smoothly converted 
into a,a-dimethyl-a'-tert.-butylsuccinic acid (X). 


result the difficulty the dienine (III), was con- 
verted directly into the cyclcpentenone (V) heating with phosphoric acid, but 
only small yield (about 10%) was obtained. 


EXPERIMENTAL 


The preparation pentamethylacetone. 120 finely ground sodium- 
amide, 500 absolute ether was added, and over period hour, 250 


diisopropyl ketone (b.p. 124-125°) was added with continuous stirring. The 
mixture was then heated for hours with boiling the ether until the 
evolution ammonia had completely ceased. the cooled reaction mixture there 
this, the stirring was witn boiling the ether, for add- 
itional hours. The sodium iodide which precipitated was dissolved water 
(200 ml), the ether layer separated, with carbon dioxide, dried over 
calcined magnesium sulfate, and the ether driven off and the residue distilled. 
155 pentamethylacetone was obtained, with boiling point 134-135° (745 
[6]. 


The synthesis carbinol. ether 


solution vinylacetylenyl magnesium bromide which was prepared from 
magnesium, 275 ethyl bromide, 140 vinylacetylene and 500 absolute 
ether, 210 pentamethylacetone was added drop drop over period 
hour, with continuous stirring. The reaction mixture was then stirred for 
additional hours temperature 40°, and was allowed stand overnight. 
the next day, hydroquinone was added, and while the mixture was cooled 
with ice water and stirred vigorously, 500 15% acid was added 
drop. The ether layer was separated, the aqueous layer with 
ether, the product dried with magnesium sulfate, and after the ether had been 
driven cff, the residue was fractionated vacuum. 230 isopropyl-tert.- 
butylvinylethinyl carbinol (I) was obtained: 


B.p. 79-79.2° mm; 1.4782; MRp found 57.35; 
computed 56.65. 


Found 79.85, 79.73; 10.94, 11.10. 


The hydrogenation carbinol. 4.2 
cial acetic acid. The hydrogenation took place rapidly was complete after 
hours with the absorption 1600 hydrogen mol.). The substance was 
dissolved ether, washed with solution sodium dried with cal- 
magnesium sulfate, the ether had been driven off, was fractionated 


vacuum. 2.8 carbinol was obtained. 


Found 77.69, 77-52; 13.25, 13.05. 


The dehydration carbinol. mixture 
200 the carbinol and 250 phosphoric acid (sp. gr. 1.705) was stirred 
for minutes room temperature and for hour The was dil- 
uted with water, extracted with ether, neutralized witn sodium bicarbonate, and 
dried with calcined magnesium sulfate. After the ether had been driven off, and 


careful vacuum fractionation carried out, 120 
heptadien-3-ine (III) was obtained. This had the following constants: 


B.p. 62.5-63° 6.5 mm; 1.4805, 0.8250; MRp found 56.0, 
computed 54.67. 


Found 88.53, 88.61; 11.11, 11.12. 


The dienine (III) was colorless liquid with pleasant conifer odor. 
quickly polymerized give fine the air, and slowly polymerized ina 
sealed ampoule. addition the dienine (III), this experiment also gave 5.2 
the form light-yellow liquid with honey odor, b.p. 90-92° mm; 

18.5 
1.4807. 


the dienine (III) was hydrogenated the presence catalyst solution 
absorbed. The methanol was driven off and the substance fractionated vacuum. 
2.8 5-tert.-butyl-6-methyl-5-heptene was obtained. The substance imme- 
diately decolorized solution bromine 


75-75.5° 1.4425; 0.795; MRp found 56.12, 
computed 57.13. 


Found 84.44, 14.41, 14.21. 


The 
mixture the dienine (III) and phosphoric acid (sp. gr. 


was stirred for minutes temperature 60-65°. The product was diluted 
with water, extracted with ether, neutralized with solution sodium bicarbon- 
ate, dried with magnesium sulfate, and after removal the ether, fractionated 
vacuum. the originel dienine were obtained, and addition, 


with b.p. 90-92° 1.4807. The rest the material tarred. 


ate, and 115 the dienine (III) was vigorously stirred 65° for hours. 
During this period, after every hour additional amount 0.5 mercuric 
ate was added. The methanol was driven off vacuum 120 mm, and the product 
diluted with water, extracted with ether, neutralized with sodium bicarbonate, and 
dried with magnesium sulfate. After the ether had been driven off, the substance 
was fractionated vacuum. the dienine was recovered (b.p. 62° mm), 
and fraction with boiling range 119° mm. This was distilled 


B.p. 79° mm; 1.4578, MRp found computed 59.12. 


heptadien-4-one (IV) was obtained the form light yellow cil with pleas- 


ant odor. 
B.p. 77-80° mm; 1.4717; 0.8860; found 56.95; computed 
56.67. 
Found 79.75, 79-70; 11.04, 10.93. 
The carbonyl derivatives this dienone could not obtained. addi- 


tion the dienone (IV), this experiment also gave fraction with boil- 
ing range 74-108° 1.4735, consisting the dienone (IV) and the 
methoxy ketone which it. When this was treated with phosphoric 
acid, described below, the cyclopentenone (V) was obtained. 

the fraction described above range 74-108° 1.4735) was mixed 
with phosphoric acid ‘sp. gr. 1.7). Heat was evolved, and the tempera- 
ture rose 45°. was stirred for minutes temperature 
and minutes 65°, diluted with water, extracted wits ether, washed with 
solution sodium bicarbonate, dried with magnesium and after removal 
cyclopenten-5-one was obtained the form light-yellow oil with honey 


B.p. mm, 0.9231, found 55.1; computed 54.5. 


Found 78.63, 78.33; 11.03. 


The semicarbazcne and 2,4-dinitrophenylhydrezone this cyclic ketone 
with 93-97° mm, np° this was also chiefly cyclopentenone 


methanol with catalyst. 560 hydrogen mol.) were atsorted, 
290 hydrogen being atsorbed hours, the rest end hours 
Fractional distillation the product gave 1.3 


B.p. 70-72° mm; 0.8476, found 57.78; 
computed 57.61- 


Found 78.26; 12.83. 


The catalyst was coagulated, and the short. The methanol was 
colorless oil. The carbonyl Geriva*ives the cyclic ketone could not 
obtained: 
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ww 


B.p. 87-89° 1.4592, 0.8915, MRp found 55.6, 
computed 55.41. 


Found 78.63; 11.74, 11.86. 


The ozonation 4.2 
liters per hour. The ozonides were hydrolyzed vigorous stirring with 
water for hours 60-65°, and perhydrol was then added, and the stir- 
ring continued the same temperature for hours. The acids were 
neutralized with sodium bicarbonate, and the neutral products were extrac- 
ted with ether, there was almost nothing them. From 1/35th the aqueous 
solution organic acids, 0.1360 calomel was obtained This corresponded 

total content formic acid the solution (44% theory). The 
solution salts organic acids was evaporated dryness, the salts decomposed 
with concentrated (15 ml) and the organic acids were extracted 
with ether and dried with sodium sulfate. fractional distiliation gave 0.55 
acid (IX) the form extremely viscous green liquid with 
124-125° 1-5 The this acid was 
obtained heating the reagents solution for hours 80°, and 
subsequent standing for days. was the form light yellow powder, 
which melted without decomposition 194° ‘from alcohol). 


3.710 0.510 (22°, 743 mn). 
3.790 substance: 0.517 (22°, 750 mm). 
Found 15.59, 15.56. 

The oxidation acid. 0.85 the 
added, while the mixture was cooled with ice water. The was stirred for 
hours room temperature, the solution filtered, acidified with 15% 
hydrochloric acid, and evaporated 0.55 a,a-di- 
methyl-a'-tert.-butylsuccinic acid ‘X) precipitated from the solution. After 
three from water, this melted 138°. 


Found 95, 57.86; 8.79, 8.80. 


203.8. 


SUMMARY 


The action vinylacetylenyl magnesium bromide pentamethylacetone gave 
approximately 9C% yield isopropyl-tert.-butyl-vinylethinyl carbinol (I), 
which was with catalyst give 
cerbinol (II). 


Dehydration the carbinol means phosphoric acid gave approx- 
imately 70% yield 5-tert-butyl-6-methyl-1,5-heptadien-3-ine which upon 
hydrogenation with catalyst under ordinary conditions absorbed molecules 
hydrogen and gave the clefin the dienine was hydrated 
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aqueous solutions methanol the presence sulfuric acid end mercuric 
ate, was formed. the in- 
fluence phosphoric acid, this was easily cyclized 

catalyst had sharply stepwise character, the unsubstituted aliyl radical 
being hydrogeated very rapidly, while the fully substituted and strongly branched 
vinyl radical was hydrogenated with extreme slowness. 


The hydrogenation the cyclopentenone with catalyst took place 
easily, and smoothly gave an-5-one (VIII). 
The structure the (V) was confirmed ozonation give 
acid (IX), which was then oxidized alka- 
line bromine give acid (X). 
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THE CONDENSATION OLEIC ACID WITH FORMALDEHYDE 


Bioproducts Laboratory the Chemical Faculty Leningrad State University 


1911 Fokin [1] published paper the condensation unsaturated 
acids (undecylenic, oleic, and elaidic) with formaldehyde. Fokin showed that the 
condensation was accompanied the disappearance the bond. partic- 
ular, the condensation oleic acid was acccmpanied the formation three 
products, which one was crystalline substance with m.p. 112-114°, and the 
composition this last, Fokin ascribed the structure: 


CHa 


The proposed structure the condensation product was based the elementary 
analysis, the number hydroxyl groups found the method 
and the molecular weight There doubt that this investiga- 
tion was great interest. case confirmation, wovld have revealed the 
possibility obtaining ecids with higher degree unsaturation utilizing 
dehydration. 


The purpose our investigation was elucidate the structure the 
crystalline product. The substance which obtained, accordance with 
directions, 116-117°. The elementary analysis, Liebig’s method, 
confirmed the formula proposed Fokin. However, further investigation 
gave results that contradicted his. 


The compound contained one alcohol group, which was confirmed the de- 
termination hydroxyls the method, and the method 
acetylation under the conditions used Fokin. The incorrectness the results 
had obtained could explained the presence acid anhydrides which re- 
mained undecomposed the end. These were the action acetic anhyd- 
ride the original substance. 


further study the crystalline compound confirmed our results. The 
ester was synthesized the usual manner from ethyl and 
the acid. was crystalline substance with m.p. 69-70°. Analysis the sub- 
stance Liebig's method, and determination the molecular 
weight, confirmed the formula The presence single hydroxyl group 


was detected the method. 


The work which had been done the study the structure the compound 
left unclear what group the second oxygen 
atom was. Attempts obtain derivatives from group (the oxime, semi- 


phenylnydrazone) did not give positive addition, there 
was alkoxyl group. 

The only thing left assume was that the oxygen atom formed part 
ring, and that had six-membered heterocycle, and not five-membered one, 


Fokin had proposed 


seemed that most probably the product oleic acid and 
formaldehyde could assigned one the two formulas written below, (I) (Ia): 


COOH 
(I) (Ia) 


The secondary nature the alcohol group was deducibie from the 
tion the ketone with 64-65° oxidation with chromic 
enhydride. The latter was by. number derivatives. The oxime 
was synthesized, the semicarbazone with 
146-147°. the ester the keto acid with 25-27° was also studied. 


must observe that the keto acid and its ester were partially enolized, 
the latter somewhat greater extent. While the determinatioh the 
number the keto acid gave the ether, which was not supposed 
contain alcohol group, gave hydroxyl. order further elucidate the 
position the alcohol group and the oxygen bridge, the original heterocyclic 
acid was dehydrated various methods. means the chloro deriv- 
atives, with the subsequent splitting off hydrogen chloride with alcoholic 
alkali, the direct dehydration the with phosphoric anhydride, 
and the pyrolysis the hydroxyacid. all three cases, one and the same 
unsaturated acid was This was almost fairly mobile liquid 
with b.p. about 240° (0.10 0.14 pressure), which did not crystallize 
the cold, and had high specific gravity 


start with the formulas indicated above for the heterocyclic hydroxy- 
acid, then the probable structure the acid will expressed 
one the following formulas (II) and (IIa): 
COOH 


(IIa) 


double bond. This indicated both properties the compound, mentioned above, and 
the data below) oxidation with chromic anhydride, which resulted stable ketone. have 
been incomprehensible also ozonization unsaturated acid had given compounds with the composition 


se 
For oleic acid 0.895. 
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The unsaturated acid forms barium with the composition 
The acid hydrogenated very means Raney catalyst 
concluded after days. Hydrogenation also tock place slowly the presence 
platinum black. The hydrogenation product, was liquid which 
differed little from the original unsaturated acid, but did not give 
any reactions for the double bond. After several months, crystals precipitated 
cut the oily liquid. These were white leaves with m-p. 
The elementary composition both crystals and the liquid portion was 
the same, Apparently the two substances were cis and trans isomers. 


Upon ozonation, two molecules ozone reacted with the unsaturated acid. 
sharp difference was noted the velocity the reaction. While the first 
molecule ozone reacted pericd minutes, the second molecule took 171 
minutes. There doubt that the double bond reacted first, form ozon- 
ide. Fischer has shown that the ozonization ethers taxes place much more 
slowly than the ozonization unsaturated compounds. The oxygen bridge, when 
subjected the action ozone, apparently reacts accordance with the equa- 
tions Fischer [2], given for ethers. 


accordance with this equation, two oxygens from the mciecuie ozone 
plus hydrogens the ether form hydrogen peroxide. Then the reaction tekes 
place two with the formation two molecules aldehyde, and 
with the formation ester, which obtained the result the trans- 
fer atom hydrogen from the other way around. Depending 
the character the radical, the first the second will prevail. 
Taking into account these ideas Fischer's, can expect the following products 


CHO 
(II) (III) 


similar upon ozonation, formula can give three substances 
anaiogous structure. The ozonide appeared very stable Neither heating 


with water nor treatment with steam resulted *he complete the 
ozonide. 


The decomposition the gave three acid which 
designate the radical R,. the radical 


could not steam distilled (the main product); acid which was steam dis- 


reacting with fuchsine-sulfurous acid anden ammoniacal solution silver oxide. 


The elementary analysis and the molecular weight .of the acid which did not 
distil over with steam were close two formulas: ketoaldehyde acid 
and ketohydroxy acid more detailed study the chief product 
ozonolysis showed that was actually mixture these two substances. Two 
semicarbazones were obtained, one crystalline, with m.p. the other 
liquid. 


Tne nitrogen content the semicarbazone corresponded the 
presence two carbonyl groups, which one was keto group and the other 
aldehyde. Therefore, had obtained disemicarbazone 
corresponding the ketoaldehyde acid 


The nitrogen content the liquid semicartazone corresponded one carb- 
onyl group. The oil, therefore, was the monosemicarbazone 
contrasted with the crystalline disemicarbazone. 


Apparently, the monosemicarbazone corresponded the ketohydroxy acid 
which could formed equal footing with the ketoaldehyde acid 
according Fischer's equations. 


The results study the ozonaticn products confirmed the suggested 
formula the unsaturated acid (II) or(IIa). Therefore, was more probable 

that the heterocyclic hydroxyacid which had been synthesized could assigned 

one the two (I) (Ia). 


now remained unclear according what mecnanism the reaction between 
the oleic acid and the formaldehyde took place the presence sulfuric acid. 


Taking into account the investigations Prins [2] and Langlois [4], 
can picture the reaction mechanism the following manner. 


{ OH H 


The first reaction phase takes place according the mechanism Prins 
and Langois with the formation unsaturated The next phase hyd- 
ration with the formation glycci, which immediately transformed into 
aldehyde with the evolution water. Then two molecules formaldehyde add on: 
the first substituting one atom hydrogen the tenth carbon atom 

the second condensing with the aldehyde group. The alcohol and aldehyde groups 
now present, under acid conditions, form cyclic acetal, which with the next mole- 
cule gives unstable compound. This decomposes with the separ- 
ation formic acid and the substance first taken into consideration. 


EXPERIMENTAL 
The condensation oleic acid with formaldehyde 


the first experiments, the oleic acid required for the condensation was 
isolated from almond oil apricot oil and subjected careful purification 


saturated acids ‘by means the lead salts) and from linoleic acid ‘by crys- 
from acetone). the later experiments, the acids obtained from the 
mentioned were directly subjected the action formaidehyde. The con- 
densation formaldehyde with oleic acid took place the manner. 
200 formalin (36-38%) there was added with cooling about -17°) 
portions, 150 sulfuric acid ‘sp. gr. During this addi tion, the 
the reaction mixture rose 35° The temperature was brought down 
-10°, and from dropping funnel the oleic acid (100 was added, 
over period one and half with stirring. The temperature 

the mixture did not rise above 5°. the end the addition the acid, the 
the mixture was allowed rise room The mixture 
was stirred for four days, the first day 15°, the other three days +0-50°. 
The reaction mixture consisted two layers: the upper was yelicw and viscous, 
condensation product) and the was fluid. The contents the redction 

flask were poured into beaker with 500 solution table salt water. 

This changed the condensation product into light brown mass, which was removed 
from the liquid portion and heated for hour with and of. 
NaCl order remove formaldehyde The light dough-like mass was then 
washed with solution chloride remove sulfuric acid and 
formalin. The mass was placed two-liter bottle and shaken with 
400 petroleum ether for hours. The petroleum was filtered off and 
fresh portion ether over residue and again shaken- This extraction 
was repeated 


After the petroleum ether was driven off, viscous yellowish liquid 

obtained. The residue insoluble petroleum ether was treated with 500 

ethyl ether. This produced voluminous white precipitate, which was filtered 
off after standing for day, and recrystallized from and ether. The con- 
densation additional 650 cleic acid was out man- 
ner. The yield solid substance was The final portions the 
crystalline compound were from the mixture acids after sapon- 
ifying the The condensation product was with water and 
ethyl ether. The precipitate that formed was filtered off and purified indi- 
cated above. From 900 acid, the obtained. The melt- 
ing point the original was cases 116-117°; the hard- 

temperature was 112-110°. 


Investigation the crystalline compound with 


Found 70.60, 70.65; 11.36, 11.40. 


1636 KOE consumed 0.0258 
0.1636 substance: consumed 0.0258 
Found: 355.7, 
Computed: 356.0. 


0.0500 substance: 5.7 ‘O°, 760 mm) 
0.0502 5.8 CE, 760 mm). itinov). 
Found number: 1.83, 1.85. 


Determination the number hydroxyl groups acetylation: 


1.8768 for neutralization acetic acid 0.3040 
0.5016 sutstance: for acetic acid 0.0811 
Found number: 1-17, 1-17, 0.98 

Sulfuric acid had added rapidly possible order avoid the formation 
formaldehyde which would impede further reaction. 
the later experiments the extraction Was carried out Soxhlet 
The acetic acid was distilled with steam from the saponified acetylation before titrating. 


The preparation the ethyl ester with 

hydrogen chlcride absolute ethyl alcohol. The reaction mixture was heated 
with reflux condenser for hours. Then water containing the caiculated amount 
soda solution was added the solution which was neutralized. The ethyl 
ester which precipitated was filtered off and recrystallized from alcohol and 
petroleum ether. 6.5 (88%) was obtained. 


ester was white powder with m.p. 70-71° and hardening tempera- 
ture 70-68°. was very soluble ether, acetone, end xylene. 


Found 71.58, 71.68; 11.43, 11.46. 


Determination the molecular weight ebullioscopy: 
0.5704 substance: 37.34 solution: 0.85°. 
0.8875 substance: 35.88 solution: 
Found: 388, 381.6. 
Computed: 


substance: 9.8 (0°, 760 mm). 
g.substance: (0°, 760 mm). 
Found number: 0.97, 1.02, 0.98. 


The Synthesis the heterocyclic keto acid with m.p. 64-65° 


The oxidation the original substance, with m.p. 116-117°, was 
effected the following manner: the substance was dissolved with heat- 
ing 150 glacial acetic acid. After cooling room temperature, 7.5 
was stirring, porticns. The reaction mixture heated up. 

was anc through it, for period hour, there was passed stream 
suifur dioxide order reduce the unreacted chromic anhydride. The hydro- 
chloric was added amount sufficient change the fcrmed into 
along with 300 water. 


Upon the water, white precipitate formed. This was filtered 
off and washed with order complete the removal traces chrom- 
ium, the precipitate was treated during heating, with solution caustic 
potash. The potassium salt the oxidation product which. formed went into solu- 
tion, which wes filtered while hot. When the filtrate was acidified with hydro- 
chloric acid, white precipitate formed. This wes filtered off and recrystal- 
lized from petroleum ether. The product obtained was white powder with m.p. 
64-65°, hardening temperature 58-57°. was very soluble alcohol and ether. 
Yield 


Found 71-21, 71.10, 71.07; 10.75, 10.76, 


Determination the molecular weignt titration: 


0.1216 substance. KOH consumed 0.01934 
substance. KOH consumed 0.02363 

Computed. 


Determination the number hydroxyl groups 


0.0880 substance. (0°, 760 mm). 

0.0980 substance: 7.2 (0°, mm). 

0.1036 substance: 7.5 (0°, 750mm). 
Found 1.16, 1.14. 


The results analysis show the presence excessive amount hyd- 
roxyls; this may explained partial enolization. This explanation con- 


The preparation the oxime the ketoacid 

The preparation the oxime was effected heating the alcoholic solu- 
tion the ketone with hydroxylamine hydrochloride. 0.75 the ketoacid was 
used, with 0.50 hydroxylamine hydrochloride, and 1-5 KOH. After the 
heating, the alcohol was driven off, and the residue dissolved with stirring 
water and acidified with hydrochloric acid. The waxy substance 
was extracted with ether. The ether solution was dried with After the 
ether had been driven off, the residue was oil with straw color. After 
days, small amount crystals appeared, but because the minuteness the 
guantity they could not separated. 0.68 the oxime was obtained. 


0.0890 substance: consumed 0.01176 
substaiice: consumed 0.01152 
0.0893 substance: consumed 0.0119 
Found 3.78, 3.70, 3.61. 


The preparation the semicarbazone COOH 
semicarbazide hydrochloride and 0.4 potassium acetate were 
dissolved water and mixed with solution 0.5 the ketoacid 
alcohol. The sclution was allowed stand for two weeks. The transparent solu- 
tion was concentrated its volume ‘in vacuum). precipitate formed 
the remaining solution. This was filtered off, washed with alcohol, and recrys- 
tallized from ether. white powder wes obtained with m.p. 146-147°. 


0.0405 substance: consumed 0.01446 
0.0405 substance: consumed 0.01457 
Found 10.20, i0.28. 


The preparation the ethyl ester the keto acid, 


The ethyl ester the oxidation product was obtained the same way 
the ester the original substance. After recrystallization from petroleum ether 
was white crystalline substance with m.p. 25-27°. The ester was partially 
enolized. 


Found 72.14, 72.12; 10.92, 10.96. 


0.0924 substance: 


0.1485 substance: 4.30 (0°, 760 mm). 

0.0917 substance: 2.45 (0°, 760 mm). 

Found 0.50, 0.46, 0.47. 


The preparation the chloro the original substance with 


the original substance was dissolved with heating chloro- 


. 


form. The flask containing the solution was placed cold water. Through 
reflux condenser, phusphorus pentachloride was added portions, with 
stirring. the end the reaction the mixture was heated the water 
for half hour, and water was then added. The mixture was again heated 
the water bath with stirring for minutes. The chloroform was then driven 
off. The residue was dissolved ethyl ether, washed free from acid with water, 
and dried over sodium sulfate. After the ether had been removed, the 
chloro derivative was obtained the form almost colorless transparent oil 


which did not the cold. 


0.2177 substance. 0.0810 (Stepanov). 
Found 9.21, 9.26. 


The preparation the unsaturated cyclic acid 


tion caustic potash was added. The mixture was boiled the water bath with 
reflux condenser hours, and the was then driven The unsatur- 
acid which sepsrated out was extracted with ethyl ether, washed with water, 
and dried. The acid which remained after the removal the ether was 
distillation high vacuum. Yield The unsaturated acid was almost 
colorless, fairly liquid with b.p. 240° fat mm). unsaturated acid 
with similar properties could obtainea the dehydration the hydroxyacid 
with phosphoric anhydride distiliation vacuum mm. However, 
this case the yield acid was less. 


Found 74.86, 74.69, 11.28, 11.31 
0.0908 4.8 750 mm). 


Found OH: 0.80, 


0.4160 consumed 0.0692 KOH. 

0.1924 substance. consumed KOH. 
Found: 337.2, 


Computed MRp 99.69. 


the barium the unsaturated heterocyclic acid 

1.25 the acid was dissolved alcohol and neutralized with 
alkali, and then mixed, while being heated, with hot alcoholic solution bar- 
was dissolved ether and washed with water. Upon the removal the ether, the 
salt remained the form vitreous mass which had definite melting point. 
The salt was insoluble alcohol, and petroleum ether and ethyl 


ether. did not contain water crystallization. 


Determination the barium content: 


Computed 


was dissolved water and hydrochloric acid was added. 


1524 


The the unsaturated heterocyclic acid 


The hydrogenation was effected Raney catalyst alco- 
hol solution. For purposes hydrogenation, the substance, 
the catalyst, and were used. The absorption hydrogen took 
place very slowly. the first hour were the second hour 
ml, and from then per hour. Hydrogenation took place just slowly 
the presence platinum black ether solution. After the catalyst had been 
removed and the solvent driven cff, the hydrogenation product was the form 
oily liquid which gave reaction for the double bond. After several months 
crystals precipitated from the oil the form white leaves, 
which were separated porous plate. M.p. 39.5-40°. The crystalline part and 
the liquid were analyzed. Their compositions were identical. Apparently, the 
two substances were cis and trans isomers. 


Analysis the substance with m.p. 39.5-40°. 


0.0792 substance: 0.2155 COs; 0.0837 
Found 73.98, 74.19; 11.74. 


Analysis the liquid portion: 


Found 74.04, 73.95; 11.71, 11.75. 


The ozonation the unsaturated acid 


1.62 the acid was dissolved chloroform. Oxygen which con- 


tained 5.5- ozone through the orm solution for hours. 
During the ozonation the amount 


ozone that had reacted was de- 
termined the method Brine 

and others, supplemented and com- 

Kasatkina. The results the 

experiment are shown the fig- 


ure. The data show that two mole- 
cules ozone (0.46 reacted. 


However, can seen from the 


curve, the velocities reaction The ozonation the unsaturated 
the two molecules were different. 338. Weight 1.62 

While the first molecule ozone 


second required 171 minutes. second ozonation experiment gave similar results. 


list the weights the ozonides ob- 


TABLE tained {see Table). 
Expt. Weight |Weight comparison the weights obtained 
Calculated 


and calculated shows that addition 
the two molecules ozone, additional 
one molecule oxygen reacted. 


0.86 


~ 


3.80 3.82 
1.06 
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The decomposition the ozonide, after fruitless attempts heating with 
water water bath, was accomplished treatment with steam. The ozonide 
remained undecomposed the end was subjected the action alkali and 
heating for hours. The reaction mixture was with hydrochloric acid. 
The substances that were volatile with steam were distilled off, and the 
late was added the first portion. The upper layer formed upon acidification 
was extracted with ether, washed with weter, and dried. After the ether had been 
driven off, oily yellow, non-crystallizing liquid was obtained. 


The aqueous distillate was solution with pleasant odor, contained 
floating drops oil which was extracted with ether. The ether solution was 
washed with water and dried. After the ether had been removed, there remained 
with sharp odor. gave reaction with fuchsine-sulfurous acid, but 
easily dissolved alkalies. The aqueous layer, after the removal the oil, 
gave the charecteristic aldenyde reacticn with fuchsine-sulfurous acid and with 
ammoniacal solution silver. Because the small yields 
acid, was not possible investigate them Cur attention was drawn 
the product ozonclysis which did not distil with 


Investigation the product czonation not volatile with steam 


Founé 69.72, 69.74; 10.69, 10.62. 


0.0358 substance: 0.4214 10° (Rast). 
Found: 327. 


0.1062 consumed 0.01762 KOH (titration) 
0.1064 substance: consumed 0.01828 KOH. 
Found. 326.7, 326.5. 
0.0733 7.2 (0°, 760 mm). 
0.C750 substance. (0°, 760 mm). 
substance: 7.9 (0°, 760 mm). 
Found OH: 1-43, 1.45, 1.45. 


The preparation semicarbazones 


dissolved small amount water, and methyl alcohol was added the 
mixture. After the precipitated potassium chloride had been removed, the 
ozonation product non-volatile with steam was added the filtrate. The precip- 
itated semicarbazone was separated, washed witn water, and then with alcohol, and 
M.p. 229-229.5°. From the filtrate after removal the semicarbazone 
precipitate, yellow oil was obtained. was dissolved ether, washed with 


water, and dried. After the ether had been removed, the oil, like the precipitate, 


was subjected analysis. 


Determination nitrogen crvstalline semicarbazone: 
0.0140 substance: consumed 0.00931 
0.0220 substance. consumed 0.01470 
Extraction with ether possibie the separation the amount aldehyde. 


| 
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0.06C2 substance: cnnsumed 0.02278 

0.0584 substance. cnnsumed 0.02205 


SUMMARY 


The action formalin oleic acid the presence gave 
condensation product oleic acid with formaldehyde with the composition 


The ethyl ester the condensation product kad the composition 
and the chloro derivative hed the composition 


Oxidation the original substance with chromic anhydride 


gave the ketoacid The ketoacid gave oxime, semi- 
carbazone, and ethyl ester. 


Dehydration the original substance led unsaturated ketoacid 


Czonation the unsaturated acid gave the ketoaldo acid 
and the ketohydroxy acid 


Analysis all the substances obtained, well the product 
ozonization the unsaturated acid, enabled arrive the conclusion that 
the condensation product was -heterocyclic acid and nad one the fol- 
lowing formulas: 


COOH 
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THE ACTION AND ESTERS 


AND 2-CHLOROCYCLOHEXANONE THE ETHYL ESTER 
PHOSPHOROUS ACID AND SODIUM DIETHYL PHOSPHITE 


The Butlerov Scientific-Research Institute the Lenin 
Kazan University 


The ketones the esters phosphorous acid and 
diethyi phosphite has been studied number investigators. Thus, 
Nylen [1] attempted carry out the reaction sodium diethyl phosphite with 
and chloroacetcphenone but the reaction took place abnorme 
ally and could not isolate the 
Arbuzov snd [2] were able 
ethyl phosphite, ana study some its and 
phosphite bromoacetone two forms with boiling points, which 
only one gave semicarbazone. and and A.I.Razumov 
and N.Petrov [2] showed that the ethers phosphonace and phosphon- 
acetone reacted with sodium. When the product with sodium was treated 
with alkyl halide, further reaction tcok place. Fowever, was 
the reaction product. This sort behavior the the a-phos- 
phone ketones differs from the the esters phosphone. carboxylic 
acids, where after the substitution the hydrogen sodium 
and the action halide, normal reaction are [4]. The 
abnormal the ethers phosphonacetone led 
carry out further syntheses which the carbonyl group 
the the phosphone group, and some their properties. 

halogen-carbonyl chose and ester and 
case the course reaction was normal, might expect 
according the equations: 


the action triethyl phosphite a-bromoacetoacetic ester ob- 
tained product whose corresponded that the expected diethyl- 
phosphonacetoacetic ester, yield c5% theory. This however, had 
extensive boiling 


accordance with the analysis, both fractions corresponded accurately diethyl- 
phosphonacetoacetic ester. The expianation this extensive boiling range might 
lie the possible existence a-phosphonacetoacetic ester keto encl 


(or several enol) forms. 


Titration fractions and with bromine (method Meyer showed 
however that there negligible addition bromine both fractions, corres- 
ponding 0.22% enol for the Ist fraction, and 0.21% for fraction II. 


similar picture was observed the case the reaction triethyl 
phosphite with y-bromoacetoacetic ester. This reaction gave product with the 
extensive boiling range 135-158° mn) 60% theory. Distillation 
the product with boiling range 135-158° mm) into fractions showed that all 
them corresponded analysis ester, and that 
all had very little and aimost identical unsaturation: 

If. 145-150° mm), 458 1.1517 0.88% enol. 

III. mm), (16%) 1.81% enol. 

Another explanation the extensive boiling range diethylphosphonaceto- 
acetic ester might the possibility transformation the a-bromoacetoacetic 
ester into the y-bromoacetoacetic ester, which might have taken place under the in- 
fluence hydrogen bromide [§}. 


There are indications [7] the literature that a-iodoacetoacetic ester 
not transformed into ester under the hydrogen 
iodide the presence hydrogen peroxide, this induced set ex- 
periment .on the reaction ester with triethyl phosphite. 
However, this case toc the diethyl phosphonacetoacetic ester obtained had the 
same extended boiling range. 


The action phenylhydrazine and semicarbazide the fractions obtained 
the experiments with ester y-bromoacetoacetic ester did 
not permit the isolation crystalline derivatives. Saponification the di- 
ethylphosphonacetcacetic ester obtained both the experiments with a-bromoaceto- 
acetic ester and with y-bromoacetoacetic ester, using hydrochloric acid 120-130°, 
did not result the expected phosphonacetone. both cases, saponification led 
the formation acetone and phosphoric acid, and took apparently, 


accordance with the mechanism: 


Thus, these examples show that the group behaves like the carb- 
oxyl group, and the B-ketophosphinic acids like the carboxylic acids, being 
unstable, and splitting off the elements phosphoric acid upon hydrolysis. 


The examples given once more emphasized the similarity between the phos- 
phone group and the carboxyl group, noted 


Both the case the ester obtained from a-bromo- 
acetoacetic ester and that from ester, the action sodium 
and then elkyl halide did not result the isolation products which 
the hydrogen the phosphonacetoacetic ester was substituted alkyl. 


The saponification the ester phosphonacetoacetic acid with hydro- 
acid probably results the formation B-ketophosphinic acids inter- 
products, and these then split into acetone and phosphoric acid- 
confirm the possibility this sort cleavage B-ketophosphinic 
acids, studied the phosphite and sodium phosphite 
2-chloro and 2-bromc cyclohexanone. 


The action phosphite gave the diethyl 


ester cyclohexanon-2-phosphinic acid yield 54.5% the theoretical. 


The ester had 160-163° (17 mm); 1.4510, 1.1234. 


Upon saponification with dilute hydrochloric acid heating sealed 
tube 160°, the ester was split into cyclchexanone and phosphoric acid. The 
cyclohexanone was identified the formation its semicarbazone with 
the phosphoric acid the formation phenylhydrazine phosphate, 
with m.p. 154-155°. 


This same product, the diethyl ester cyclchexanon-2-phosphoric acid, 
and 


For comparison the behavior the esters with that 
the *-ketophosphinic esters upon saponification, out experiments 
the action triethyl phosphite and sodium diethyl phosphite 5-bromopent- 
anone-2 order obtain representatives the ‘-ketophosphinic esters. 
were unable synthesize the ethyl ester acid the 
action triethyl phosphite methyl-y-bromopropyl ketone. the chief prod- 
uct the reaction obtained The was carried 
out 135-145°, and was accompanied the separation ethyl bromide. The 
the splitting off hydrogen bromide from the bromoke*one. The hydrogen bromide 
and triethyl phosphite gave bromide and diethylphosphorous acid: 
fact, separate experiment showed that ketone, 
upon heating 135-145°, quickly darkened, and evolved hydrogen brom- 
ide. The presence the triethyl which ready react with the 
hydrogen bromide, facilitated the splitting off the latter. 


The ketone sodium diethyl phosphite gave 
the expected ethyl ester 


colorless liquid with the constants: b.p. mm) 


When the ester was saponified with hydrochloric 100-110°, vis- 
cous liquid was cbtained, from which the lead salt was formed. This corres- 
ponded, far went, the expected acid. 


Thus, like the 5-ketocarboxylic acid, the acids ere stable 
the free form. The reaction between y-bromopropyl ketone and sodium 
diethyl phosphite may expressed the following equation: 


re) . 


EXPERIMENTAL 


action a-bromoacetoacetic triethyl phosphite 
Lugovkin) 


43.2 a-bromoacetoacetic ester (b.p. 93-98° mm, 1.4608; 
[9]), which was placed distilling flask and heated 100°, there 
wes added, drop drop, 37.1 triethyl phcsphite. Tne evolution ethyl 
bromide took place. The temperature the flask was 125-133°. ethyl 
bromide with b.p. 36-38° were given off (theory 22.5 g). The reaction product, 
after two distillations, mm, gave the fractions: 


Titration (K. Meyer) gave for (1) corresponding 0.22% 
for (2) 0.21% enol. 

The fractions were colorless without odor, and water. 


Analysis the fraction 133-142° mm): 


0.1286 substance. consumed 22.71 NaOH (titer 0.02282). 
Found 


Found 11.98, 11.85. 


Saponification. 4.8 the 138-142° fraction mm) was neated with 
hydrochloric acid sealed tube 120-130° for hours. When the 
tube was cpened, the evolution ethyl chloride and was observed. 
After the water had been driven off, acetone was detected the distillate 
the form indigo reaction The residue, after the removal 
water and (1.9 was viscous liquid. Phenylhydrazine (2.1 was added 
it. The reaction product quickly hardened. After recrystallization from alco- 
hol, 2.8 phenylhydrazine phosphate was obtained, with m.p. 153-154°. mixed 
test with phenylhydrazine phosphate gave change melting point 


The reaction for the carbonyl group. the substance, 0.83 
phenylhydrazine was added, and the mixture heated the water bath. for 
hours. dark-colored oil was obtained. did not crystallize after standing 
for several months. 


1.96 the substance, 0.82 semicarbazide hydrochloride solu- 
tion alcohol and sodium acetate methyl alcohol were added. 


semicarbazone did not precipitate even after long standing. 


The action sodium and propyl bromide the diethyl ether 
a-phosphonacetoacetic ester 


evolution heat took place. Upon the addition propyl bromide, 
another mild evolution heat occurred. sodium tromide precipitated, even 
after heating with refiux condenser for hour. After removal the alco- 
hol, the residue was fractionally distilled give 4.9 fraction with 

78-80° 1.4310; 1.0134. Analysis this fraction gave the 
results: 


Found 


53, 6.47; 54.30; 9.06. 


3 
The action sodium diethyl phosphite 


(B.P. Lugovkin) 
ether solution sodium diethyl phosphite was added; this was prepared from 
precipitate sodium iodide formed. After the ether nad been driven off, the 
reaction product was fractionated vacuum several times. Two fractions were 
acetic ester, which wes insoluble water). gave very-weak color with 
ous solution 


water. gave color with aquéous solution Found 14.85, 
Total weight fractions and 5.4 
The acticn triethyl phosphite ester 


(B. Lugovkin) 

1.5263) which wes placed distilling flask and heated 100°, there 
was added, drop drop, 50.2 triethyl phosphite. The ethyl bromide distil- 
led off temperature from 23.7 the ethyl bromide was obtained 
(theory 30.3 g). After two consecutive distillations, the reaction product gave 
the following fractions. 


135-145° mm); 1.4400; 1.1486. Weight 9.6 Titration 
(K. Meyer) gave unsaturation 1.05% calculated enol. 


II. 145-150° mm); 1.1517. Weight 22.5 Unsatur- 


III. B.p. 150-158° mm); 1.1737. Weight 11.7 
uration calculated enol 


All the fractions were colorless liquids, soluble water. 
Analysis the 135-145° mm) fraction: 
0.1392 substance: 25.42 NaOH 0.02282). 


Found 


' 


Analysis the 145-150° mm) fraction: 


0.1322 substance: 24.81 
Found 11.86. 
Found 44.21, 44.70; 7.06, 7.80. 


Analysis the 150-158° mm) fraction: 


Saponification, 6.2 the fraction with mm) and 
hydrochloric acid (19%) were heated for hours 120-130°. When the tube 
was opened, and ethyl chloride were given off. After the aqueous 
solution had been driven cff, acetone was detected the distillatate Baeyer's 
test. The residue, after the distillation the water and removal the 
repeated was viscous liquid (3.15 The action 
zine upon gave 2.6 phenylhydrazine phosphate with 154° (in mixed 
test). 


fractions with b.p. 145-150° not give crystalline phenylhydra- 
zones. The action the fraction 135-145° did nct give crys- 
talline semicarbazone. 


The action sodium and benzyl chloride. The 145-150° fraction (15.3 
was added drop drop 1.37 sodium benzene. energetic re- 
acticn took place, with the evolution hydrogen. Then 7.4 benzyl chloride 
was added, and the entire mixture was heated the boiling point benzene for 
3.5 hours. sodium precipitated. After the benzene had been driven 
off along with the unreacted benzyl chloride vacuum, viscous liquid was ob- 
tained, which not distil vacuum. Upon saponification with dilute hydro- 
acid boiling for hours, ethyl and were given off. Af- 
ter concentration, the residue was extracted with alcohol. After the 
HCl had been driven off, the action phenylhydrazine the alcoholic extract 
gave phenylhydrazine phosphate with m.p. 154°. The residue from the treet- 
ment with alcohol gave sodium chloride (theory 2.8 g). 


The action triethyl phosphite 2-chlorocyclohexanone 


Rogonostseva) 
The 2-chlorocyclohexanone had b.p. 86° (12 mm) and m.p. 18-20° [22]. 


The 2-chlorocyclohexanone (10 was melted and triethyl phosphite 
was added it. Upon heating the evolution ethyl chloride began. The 
heating was continued for hours temperature 100-120°. The reaction pro- 
duct was fractionated vacuum. The fractions obtained were: 80-160° (17 
3.8 and (17 mm), 13.6 (54.4% theory). 


The 160-163° (17 mm) fraction had 1.4510; Analysis for 
cnntent required very lengthy oxidation the substance (104 hours 
with three additions nitric acid). -Less lengthy heating resulted low values 


Reaction for the carbonyl group. 


the phosphorus content. 
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Saponification. 9.3 the substance and 20% hydrochloric acid 
were heated for hours 160° sealed tube. insoluble product separ- 
ated from the aqueous layer the form oil. aqueous layer was extrac- 
ted with ether. Half the oily leyer was distilled vacuum. 

ion (30 mm) was separated, and amount fraction from 170° 
mm) (with decomposition). 


The 60-70° fraction consisted cyclohexanone. Upon treatment with semi- 


carbazide, gave the semicarbazone cylcohexanone, with 155-156°. semi- 
carbazone with m.p. 155-156° was obtained from the oily layer from the saponifica- 


tion without preliminary distillation vacuum. The aqueous portion from the 


saponification was evaporated severai times with water order remove tke hydro- 


chloric acid completely. The viscous liquid which was left after the evaporation 
was treated with phenylhydrazine. gave phenylhydrezine with m.p. 


154-155° (mixed test). From 0.5 the residue, 0.25 phenylhydrazine phos- 


phate was 


Bogonostseva) 
sodium was added {from 24.1 diethyl phosphorous acid and 
4.8 sodium). There was evolution heat. The ether boiled, and pre- 


sodium formed. After the been the 
ether was driven off. Upon fractionation, the gave the foilowing frac- 
tions: (11 mm); {11 mm). further distillaticn, 
the second fracticn geve: fraction with b.p. 148-150° (11.5 mm); 4518; 
1.1380, weight fraction with b.p. (11.5 1.4569; 
1.1400; weight 16.3 (42.9% theory). The NaCl was washed with 
ether, dissolved water, evaporated. amounted 9.9 97.5% 
theory. 


The action 2-bromocycicrexanone sodium diethyl phosphite. 


ether and the there was ether sodium diethyl 
phosphite prepared from 2.4 sodium and diethyl ous acid. The 
reaction tock place with vigorous neat and boiling the ether. 
The usual treatment, and the distillation the vacuum, after the 
ether had been driven off, gave fraction theory) with b.p. 148- 
149° (11.5 1.1270. The NaBr was weshed with etker, 
water, and the aqueous layer dryness. The was dried. 
Yield NaBr 11.1 82% theory. 


The action ketone triethyl phosphite 
Lugovkin) 


the bromoketone (with b.p. 71-72° mm, 1.4571 was added 
period hours. The evolution ethyl bromide place The reacting 
liquid took dark brown Tre reaction was beating 
170° until there was more ethyl bromide. The ethyl bromide given 


off amounted 13.5 When the was distilled vacuum, gave 
16.5 fraction with b.p. 58-62° mm} 


Upon repeating the 
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was obtained. From the data and the analysis, this corresponaed diethyl phos- 
phorous acid. 
Found 21.82. 


The action ketone sodium diethyl phosphite 


(B. Lugovkin) 


37.7 the bromoketone, diluted with dry ether, there was 
added drop drop, with stirring, ether solution sodium diethyl 
phosphite, prepared from (theory 30.9 diethyl phosphcrous acid and 5.2 
sodium 500 dry ether. Heat was evolved and sodium bromide precip- 
itated. The ether solution was decanted from the precipitate sodium 
After washing with acetone, the sodium bromide weighed 22.0 89. theory. 
After the ether had been driven off, the reaction product was distilled vacuum 
give 31.4 fraction with b.p. 108-112° mm); 1.4419, 62. 
theory. After another distillation, the (27.4 
had the constants: 115-117° mm); 1.4422; 1.0865. 


0.0676 substance: consumed 17.2 NaOH 0.02126). 
Found 13.61, 13.7%. 


The phenylhydrazone and the the y-acetopro- 
pyl phosphinic ester not obtained. 


Saponification. 3.4 the substance was heated with dilute 
acid (1.1) sealed tube 100-110° for hours. After repeated 
evaporation the water bath with the addition water, 2.5 viscous 
with light yellow color was obtained. This could not crystallized. 
The action barium upon aqueous solution this substance gave 
salt soluble water. The could not obtained analytic- 
ally pure form. The action silver nitrate the ammonium salt y-aceto- 
propyl phosphinic took place with reduction metallic silver. The action 
solution lead acetate the ammonium salt aqueous solution gave 
lead sait with pale rose color. 


Found 0.1776 


SUMMARY 


The action triethyl phosphite a-bromoacetoacetic and y-bromoaceto- 
ecetic esters gave ethers the corresponding phosphonacetoacetic esters. 


The products obtained had extended boiling ranges. However, analysis 
the fractions showed that composition they all corresponded the 
ethyl ether phospnonacetoacetic ester. 


Upon saponification with hydrochloric acid, the compounds obtained un- 
cleavage give acetone and phosphoric acid. 


The action triethyl phosphite and sodium diethyl phosphite 
and gave the ethyi ester acid, 
which upon saponification with hydrochloric acid was split into cyclohexanone and 
phosphoric acid. 
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These examples have shown that the group behaves like the carb- 
oxyl group acids. 


The action sodium diethyl phosphite methyl-y-bromopropyl ketone 
gave the ethyl ester y-acetopropylphosphinic acid. 


Saponification the ester acid with hydro- 
chloric acid did not result the cleavage Y-acetcpropylphosphinic acid. 
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THE QUESTION THE METHODS 


ACID AND ITS ETHYL ESTER 


The All-Union Scientific-Research Chemico Pharmaceutical Institute 


Among the different methods for the preparation 
malonic acid, with the subsequent splitting off from the a-naphthalmalonic 
acid [1] formed (I) may considered the most convenient: 


COOH 
e 
COOH 


The method Claisen, the condensation aromatic aldehydes with ethyl 
acetate the presence sodium, successfully applied the 
the ethyl ester cinnamic acid [2], has been utilized the nephthalene series 
onl the preparation acid 


carried out the condensation i-naphtheldehyde with ethyl acetate, 
and observed that this reaction especialiy for the preparation 
acid (II): 


for the ethyl ester acid, addition the indis- 
putable advantage the Claisen reaction there also decrease the number 
steps comparison with mechanism (I) instead three), but the yield 
chemically pure ester with small, that its isolation crys- 
talline form requires carefui purification the condensation (two dis- 
tillations vacuum plus subsequent recrystallization), and this attended 
with consideratle loss material. 


make our objective obtain acid according 


mechanism (II), then sufficient limit ourselves single distilia- 
tion the condensation product vacuum. The distilled material ‘yield 


detailed review the methods preperation acid given the 


“i. 


= 
| 


chiefly the ethyl ester ‘acid. The ester 
this quality entirely suitable for synthetic purposes, and its saponification 
gives B-(naphthyl-1)-acrylic acid 60-62%, calculated the basis 


the l-naphthaldehyde. 


EXPERIMENTAL 


acid 
The condensation aldehyde with ethyl acetate. 


three-necked fitted with mechanical stirrer, thermometer, and drop- 
ping funnel, there were placed finely divided sodium and ethyl 
acetate. The contents the flask were quickly cooled absolute 
ethyl, alcohol was added, and then, from the dropping funnel, there were added 
gradually, with constant l-naphthaldehyde. The reaction was 
carried out 0-5°. After the addition the l-naphthoic aldehyde, the reaction 
mixture was stirred the same temperature for additional three hours. Then 
glacial acetic acid was carefully added, and the 
that formed result was dissolved the addition water. The con- 
tents the were transferred into separatory funnel, and small addi- 
tional amount ethyl acetate was added. The mixture was shaken and the upper 
layer removed. The lower layer was extracted several times with ethyl acetate. 
All the ethyl acetate solutions were combined, washed with 10% solution 
then with water, driec sulfate, and the ethyl acetate driven off. The 
oily brown which remained, was distilled vacuum. The 
fraction collected boiled from 10-12 (most from 
197°). wes obtained based the l-naphthaldehyde). 


vacuum once, was dissolved with heating ethyl and 
4.2 caustic soda 110 absolute alcohol was added. The mixture 
was allowed stand the end this period, voluminous precip- 
itate the sodium acid formed. This was filtered 
off, and the alcchcl driven from the filtrate almost dryness. The residue and 
the sodium salt previously were united, water, filtered, and 
the filtrate acidified witn 10% hydrochloric acid. The 
acid which separated out was filtered with suction and washed the filter with 
toluene. almost white powder was obtained with m.p. 203-207° (14.6 g). Taking 
into account the obtained from the soda wash-solution, the total yield 
acid equaled 15.5 which amounted 83%, calculated 
the basis the ethyl ester, and 60%, calculated the basis the 
dehyde. 


acid this quality subjected recrystal- 
lization from methyl ethyl alcohol, colorless needles with 208-210° are 
obtained. The yield ranges from 47%, based the 


The ethyl ester ecid 
The condensation nephthaldehyde with acetate (80 ml) 


The solution soda used for washing was acidified with hydrochloric acid give small amount 
acid with m.p. 195-198° after washing with toluene, 0.9 the acid was 

the saponification the reaction product did not give better yielas 
acid, the latter was obtained very impure form. and its purification resulted 


| 
the 
1540 


product distillation vacuum, were carried out the same way des- 
cribed the preceding experiment. After the first distillaticn vacuum, the 
fraction which boiled from 170-195° 10-12 was distilled again. The subs- 
tance distilled 190-197° 10-12 mm, and upon standing, almost completely 
crystallized the receiver. After recrystallization from ethyl alcohol, 
the ethyl ester acid was obtained (33%, based 
the l-naphthaldehyde), with m.p. 37-38.5°. 


SUMMARY 


description given methods previously not customarily used for the 
preparation the ethyl ester acid the condensation 
l-naphthaldehyde with ethyl acetate and for the preparation B-{naphthyl-1)- 
acrylic saponification the ethyl ester thus obtained. 
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NITRONAPHTHYL-1)-PROPIOLIC ACID AND ITS TRANSFORMATIONS 


The 


Ordzhonikidze All-Union Scientific Chemico Pharmaceutical Institute 


investigation the relationship between the anaesthetic action 
compounds the type novocaine and their structure, was 
found that the conjugation the double bond the carbonyl group with the double 
bond the benzene ring was one the most important factors for the appearance 
snaesthetic properties the esters. The ethylene bond situated between these 
double bonds did not decrease, but sometimes even increased, the anaesthetic action. 
Upon substituting this ethylene tond with saturated bond, unsaturated triple 
bond, the action the esters disappeared. Similar phenomena were also 
observed the naphthalene series the investigation alkamino esters 
aminonaphthyl acrylic and aminonaphthyl propionic acids [1]. 


The anaesthetic action alkamino esters naphthyl propiolic acids has 
not yet been tested. appeared interest get more precise picture, 
from point view, the role the triple bond compounds similar 
type and the naphthalene series. 


view the fact that acid was accessible 
us, chose the starting material for the preparation alkamino esters 
acid. 


The synthesis this compound shown the equations: 


C=CCOOH 


Difficulties were encountered the first two steps: the addition 
bromine the ethylene bond, and the preparation 
propiolic acid. The experiments the addition bromine gave positive results 
when the ethyl ester 5-(nitronaphthyl-1)-acrylic acid was brominated 
room temperature. was impossible introduce atoms bromine into the mole- 


cule the free acid, despite numerous attempts made 


under various conditions. The splitting off the elements bromide 
from the ethyl ester dibromopropionic acid was accomplished 
means alcoholic solution caustic potash, which the same time sapon- 
ified the ester group. 


The acid unstable compound. Upon heat- 
ing, even upon storage, the splitting off carbon dicxide takes place, and 


there the formation property the 
acid considerably complicates its isolation, its purification, and the determina- 
tion its melting point. The fact the change 
piolic acid takes place precisely this direction confirmed the ease 
formation (5-nitronaphthyl-1)-acetylene when the acid heated with pyridine, 
and comparison the properties (5-ni ronaphthyl-1)-acetylene with the 
properties the cleavage products acid. 


The ethyl ester acid, obtained the 
esterification the acid, very stable compound, and does not have any 


the cited properties the acid. 


were also interested the properties 
acid. Therefore the nitro group the ethyl ester 
acid was reduced. However, did not succeed obtaining the ester 
the corresponding aminoacid crystalline form, but the treatment with acetic 
anhydride the oily substance after reduction the nitro group 
did obtain crystaliine form the ethyl ester. 
lic acid. did not carry our work any further this direction. 


transition from acid the diethylamino- 
ethyl ester acid was carried out means the 
methods usually such cases. 


This alkamino ester was obtained the form its citrate, and 
was expected, had anaesthetic action. 


EXPER TMENTAL 


The ethyl ester acid 
condenser with calcium 


round-bottomed flask, fittea with refiux 
atte Led ana funnel, there was placed the ethyl 
the sclution obtained there was from the dropping funnel 
bromine, disscived The addition the bromine took 
place room temperature. 


After all the bromine been the reaction mixture was allowed 
stand for three days room temperature: Tre chlorofcrm was then distilled off 
vacuum. The light yellow substance which remained was dissolved 
ether. The ether solution was washed first with 10% solution sodium carbon- 
ate, then with water, dried with sodium sulfate, and the ether driven off. After 
the ether had been driven off there almost colorless crystalline sub- 
stance, which was recrystallized from 96% ethyl alcohol. 2.4 


The ethyl ester acid was the 
form almost shining with m.p. They were soluble 
upon heating aicohol and acetone, more difficultly soluble ether. 


0.2155 substance: AgBr. 
0.2244 substance: 0:1958.g 
6.892 0.199 (18.5°, 747 mm). 
substance 0.185 (18.5°, 747 mm). 
Found 37.36, 37.13; 3.32, 3.16. 


acid 


round-bottomed flask, fitted with reflux condenser, 2.8 the 


Bromination while heating resulted tarring the substance. 
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the substance thus allowed stand recrystallized from organic solv 


absolute ethyl alcohol. Solution was carried ou* during heating the water 
bath the boiling point alcohol. After the material the 
solution was cooled 35-40°, and there was added, drop drop 


ing this process, the rapid formation potassium bromide was observed, and the 
formation redish-yellow color the When the reaction mixture was 
allowed stand for 12-15 hours, voluminous yellowisn-greenish crystalline pre- 
cipitate the salt acid separated. 
This was filtered off. The filtrate was evaporated vacuum without heating 

its initial volume. During the evaporation smali additional amount the 
potassium salt came out. This was added the first precipitate and the combined 
precipitate was dissolved water, the aqueous solution extracted several times 
with ether, filtered, and dilute sulfuric acid added the filtrate until there 
was acid reaction with Congo red. The acid was 
obtained the form almcst colorless amorphous which was ex- 
tracted ether. The ether sclution was washed once twice*with water, dried 
with sodium sulfate, and the ether driven off vacuum heating. The light 
yellow crystalline precipitate which was separated from the bromine-con- 
taining impurities. For this purpose the precipitate was first transferred into 
small beaker, where was washed with small ether, which were 
mixed the precipitate. This operation was many times, and the last 
washings were carried out directly filter. the nitronaphthyl propiolic 
acid itself fairly soluble ether, all the ether obteined from the 
washing were collected together, ana the ether was driven off vacuum. The yel- 
lowish-white precipitate which remained was separated im- 
purities similar manner. After similar repeated washings with ether and sub- 
sequent recrystallizations with very gentle heating from 0.65 
tained substance free from bromine presence was determined 


the Beilstein test). This substance was the form almost colorless powder, 


soluble ether, acetone, alcchol, and chloroform heating, with m.p. 182- 

184° (with (The sealed capillary, was pleced 
the for the determination the melting point, which had been heated 
145-150°. The heating was carried out rate per minute. 
155° the substance partially sublimed, forming depcsit the upper 
part the capillary. The residue the capillary melted 


5.289 substance: 0.265 746 mm). 
5.030 substance: 0.255 749.5 mm). 
Found 5.75, 5.84; 64.77, 64.79; 2.92, 


Tne eth 


ester 


acid 


round-bottomed flask which was joined reflux condenser having 
calcium chloride tube attached, there was placed 0.2 
piciic acid, absolute ethyl and concentrated sulfuric 
acid (sp. gr. The reaction mixture was heated the water bath the 


Then the precipitate again went into the ether layer. 


and the analytical dat ents With heating. 
data, melting point falls more and more. 
more and more from the results calculated for re. deviate 


its melting point falls, 


Subsequeni was that the yellowish the ether layer passed into the 
from Which light precipitate was obtained acidification with dilute suifuric acid unti] there was 
acid reaction Congo Red. 
ss. 
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boiling point the alcohol for hours. the end the reaction, the excess 

was driven off and the residue poured into water and neutralized with 

10% solutinn soda, then extracted with ether. The ether solution was washed 
with water, and dried with sodium sulfate, and the ether was distilled. The lignt 
yellow substance which remained was recrystallized twice from 96% ethyl 


The ethyl ester acid was obtained the 
form shining light-yellow crystals with m.p. 121-122°, very soluble ether, 
acetone, and ethyl 


4.970 substance: 0.217 (18.5°, 750.2 mm). 
6.748 substance: 0.312 (18.5°, 752 mm). 
Found 5.05, 5.20. 


The ethyl ester acid 

three-necked round-bottomed flask, fitted with stirrer and reflux 
condenser, there was placed 9.7 the ethyl ester 
lic acid, dissolved 96% ethyl alcohol The solution was heated 57- 
60° and there was 0.1 concentrated hydrochloric scid (sp. gr. 
1.19). Then, with stirring, there was gradually 0.5 iron filings, and 
the stirring the reaction mixture was continued for additional hours 
the toiling point the alcoholic solution. the end the solu- 
tion was filvered off from the inorganic precipitate, and the alcohol driven 
off vacuum. the residue, dark substance, acetic anhydride was 
added. Upon careful rubbing, the entiré mixture turned into light powder, which 
was recrystallized times from 96% ethyl 


The ethyl ester acid wds the form’ 
almost colorless shining crystals with 183. very soluble alcohol 
and acetone, difficultly soluble benzene, and almost insoluble ether. 


7.095 substance. 2.50 0.01 


round-bottomed flask joined reflux condenser there were placed 
(5-nitronaphthyl-1)-propiclic acid and pyridine. The reaction 
mixture was heated the boiling water bath for hours. the end the reac- 
tion the pyridine was driven off vacuum. The yellow crystalline precipitate 
whick remained was ether. The ether solution was washed several 
times with 10% solution sodium carbonate, then with water, dried over sodium 
sulfate, and the ether driven The yellow crystalline precipitate was recrys- 
tallized times from ethyl alcohol. was obtained. The (5-nitro- 
was the form clear yellow crystals with 156-157°, 
very soluble alcohol and ether. The substance had the characteristic property 
acetylene forming metallic compounds. Upon the addition ammoniacal 
amorphous brick-colored precipitate was formed. 


The hvdrochloride the ester (5-nitro- 
naphthyl-1)-propiolic 


round-bottomed flask joined reflux condenser with calcium chloride 


thionyl chloride. The mixture was heated the water bath the boiling point 
the thionyl chloride for hours. the end the reection, the thionyl chlor- 
ide was driven off vacuum. The acid chloride (5-nitronaphthyl-1)-propiolic 
acid, which was left the form oily substance, was dissolved 
absolute benzene. the solution obtained there was gradually added, with stirring, 
0.6 freshly distilled diethylaminoethanol, The mixture obtained was heated 
the water bath the boiling point the benzene solution for hours. the 
end the reaction, the benzene was driven off and the hydrochloride 
the ester (5-nitronaphthyl-i)-propiolic acid, which remained 

the form yellow crystalline substance, was dissolved water. The aqueous 
solution was filtered, and from the filtrate, after the addition 10% solution 
sodium carbonate, there precipitated the free alkamino ester base, which was ex- 
tracted with ether. The ether solution was washed with water, dried with sodium 
sulfate, and filtered, and the ether was driven off. order remove traces 
unreacted the which remained after the ether 

had been driven off was heated vacuum for hour the water bath, anc then 
again absolute ether. When the ether solution the alkamino ester 
base was acidified with ethereal solution hydrogen chloride, the hydrochlor- 
ide the B-diethylamincethyl ester acid precip- 
itated the form light yellow crystalline substance, was washed several 
times with dry ether, dried and recrystallized from absolute 
alcohol. Yield 0.7 


The hydrochteride the ester 
propiolic acid was yellow powder with m.p. 180-162°, very scluble water and 


benzene, chloroform, and acetone, ether. 


Found 7.23, 7.18. 


The citrate ester (5-amino- 
naphthyl-1)-propiolic ecid 
three-necked round-bottomed flask, fitted with stirrer and reflux 

condenser, there were placed 1.5 the hydrochloride 
ester acid, dissolved 96% ethyl alco- 
hol. The solution was heated 57-60° end there were added it, first 0.1 
concentrated hydrochloric acid gr. 1-19) and then, hour, 

with careful mechenical stirring, iron filings. The stirring wes continued 

hours the boiling point the alcohol. After this, the solution was fil- 
tered free from the inorganic and the alcohol was driven off vacuum. 
The oily reaction product which remained was dissolved water. the aqueous 
solution the alkamino ester 10% solution sodium carbonate 
was added precipitate the free alkamino ester base, which was extracted with 
ether. The ether solution was several times with water, dried with sodium 
sulfate, and filtered. the filtrate there was added alcoholic solution 
citric acid. The oily precipitate wnich formed was filtered off, dried vacuum 
and recrystallized from absolute ethyl 0.3 


The citrate the ester 
lic was grayish yellow powder, very soluble water, and acetone, 
and ether. 


The substance melted indefinite manner. 80° began darken 
inter, toward 90° liquefied -lung walls the toward 
-140° collected the form transparent drops. 


Ws 


7.270 substance: (19.5°, 727.5 mm). 
6.053 substance: 0.309 (20.7°, 727.5 mm). 
Found 
Computed 


SUMMARY 


(5-Nitronaphthyl-1)-propiolic acid has been obtained the bromination 
the ethyl ester acid and the subsequent split- 
ting off the elements hydrogen bromide from the ethyl ester the (5-nitro- 
naphthyl-1)-dibromopropionic acid. 


acid easily decomposed give carbon 
dioxide and (5-nitronaphthyl-1)-acetylene. 


The diethylaminoethyl ester (5-aminonaphthyl- acid has 
been obtained. This ester has anaesthetic action. 
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THE ESTERS PHOSPHOROUS ACID 


Chadaeva and Kamay 


Laboratory Technology and Organic Synthesis 


The modern chemical literature has detailed only 
representative the complete esters phosphorous acid which contain unsaturated 
radicals. 1945, V.M.Zoroastrova, her work carried out under the direction 
A.E.Arbuzov, the triallyl ester acid, synthesized her 
two methods. These were the reaction the alcoholate allyl alcohol with 
the acid chloride allylphosphorous acid, and the method preparation the 
neutral esters acid developed and Sakhnovsky 
was interest obtain several new compounds this class 
anic derivatives phosphorus pure form, investigate their properties. 


order the complete esters phosphorous acid with unsaturated 


radicals, used the grignard reaction prepare the foilowing starting materials, 
all secondary unsaturated alcohols: methylvinyl carbinol, ethylvinyl carbinol, 
carbinol, n-butylvinyl cartinol, and phenylvinyl carbinol. 


The resction phosphorous trichloride with the ccrrespondirg carbinols 


absolute ether and dimethylaniline medium gave the following esters phos- 
phorous acid (Table 1): 


TABLE 


92-93° 0.9557 


123-124 0.9467 


0.9365 


156-157 


1.4521 
1.4519 
C4Hs 


The isolated esters phosphorous acid were colorless liquids. They 
dissolved well ether, benzene, chloroform; reacted with cuprous hal- 
ides with the heat and the non-crystalline vitreous sub- 
stances, they easily reacted with bromine, and they reacted upon heating with metryl 
iodide carbon tetrachloride. 


interest note that the ester phosphorous obtained 
the reaction phenylvinyl carbinol with phosphorus trichloride dia not distil even 
under high vacuum. When the temperature was raised approximately 60°, the poly- 
merization the ester took place, with the evolution considerable amount 


heat. 


The experiments set for the the 
trialkyl esters phosphorous acid showed that the addition tromine first 
place normally, with the formation crystalline precipitate, but then, appar- 
ently, the formation alkyl halides took place. The alkyl halides formed then 
added two more give according the 
equations: 


R” “~s \ R e 


further studied the action carbon tetrachloride the 
esters phosphorous acid. The experiments showed that the esters 
mentioned above reacted with carbon tetrachloride upon lengthy heating, with the 
formation the corresponding 3-chloroalkylenes according the equations: 


CCls 


However, the attempts obtain the expected esters 
phosphinic acid pure form were not crowned with success. 


The experiments undertook the Arbuzav isomerization 
vinyltrialkyl esters phosphorous acid with the corresponding alkylene halides 
led the formation undistillable syrupy substances. 


EXPERIMENTAL 


The starting materials, that is, the vinylalkyl carbinols, were obtained 
the reactions the corresponding alkylmagnesium bromides with acrolein 
The chief physical constants these secondary carbinols are listed Table 


round-bottomed flask with 500 capacity, fitted with mechanical 


The preparation the ester with the composition 


1550 


(29 mm) 0.8384 1.4343 


stirrer, reflux condenser, and dropping funnel, there were placed 
freshly distilled methylvinyl with $6-97°, 45.5 dimethylaniline, 
and 100 absolute ether. this mixture there was added, with good cooling 
and continuous stirring, 17.2 After the 

the entire quantity phosphorous trichloride, the cooling was discontinued. 
The reaction was considered complete after hour anda additional stir- 


ring. The dimethylaniline was filtered off and washed twice 
with small amounts absolute ether. 


The ether was driven off from the filtrate current carbon dioxide, 
and the remaining liquid was subjected vacuum mm. The 
following frections were obtained: 


B.p. 86°, 0.83 and 
iI. B.p. 24.72 


distillation second fraction gave chief portion with b.p 


ester obtained was colorless oily liqvid penetrating odor, 
solvents. 


The 


0.2262 substance: 49.21 NaOH. 


The ester, derivative trivalent phcsphorus, reacted with 


bromide, iodide, and carbon tetrachloride. The -arbon 


The bromination phosphi phite. 


ether, there wes adced drop drop, with good cooling, bromine. first 
the reaction was accompanied the evolution amount heat. 
After the solvent had been driven off, the oil which remained was subjected 
distillation vacuum. Distillation gave product with 
The mass that remained the flask did not cver, and upon cooling did not 


Judging from its other properties, the product with b.p. 


the ester with the composition 


The preparation the ester was carried out manner similar the 
one above, the dimethylaniline was repiaced 


we 


TABLE 
=~: rr « AL ~ 


phosphorus trichloride absolute ether medium, 
phosphite was 


The ester obtained was oily liquid with mild unpleasant odor. 
0.9467; 1.4521. 


substance: 30.1 NaOH NaOH 0.5546 P). 


The ester reacted easily with methyl iodide and carbon tetrachloride with 
the formation products which could not distilled without decomposition 
pressure mn. 


absolute ether 16.7 bromine moles) were added, with snow. 
The first drops bromine reacted with the evolution heat and the 
formation white crystalline precipitate, which gradually went into solution 
more and more bromine was added. After the addition the entire amount 
bromine, the solvent was driven off. The residue was subjected fractionation 
stream carbon This gave fraction with b.p. 118-120° 
mm, but then the residue did not distil but underwent 
decomposition. 


According the analytical data, the substance was pure 
pentane. was coiorless liquid with camphor odor. 


2.0213, n§° 1.5540, 


Computed. 48.59. 
0.1316 substance. 0.2396 
Found 77.48, 77.46. 
The preparation the ester with the composition CEO 
The reaction 7.9 propylvinylcarbinol, 11.8 diethylaniline, 
and 3.7 phosphorus trichloride absolute ether medium {50 ml) gave 


The ester was colorless oily liquid which easily reacted with 
methyl iodide and carbon tetrachloride. 


1.4519. 


ound 9.38, 9.32. 


The preparation the ester with the composition 


carbinol, 28.65 freshly distilled dimethylaniline, and phosphorus 
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trichloride absolute ether. B.p. 155-157° Yield about 
63% theory. 


The ester obtained was transparent oily liquid with characteristic 


ether, alcohol, and other organic 


0.1786 substance: 27.1 NaOH 0.5686 P). 
0.1906 substance: 28.9 NaOH. 
Found 8.62, 8.61. 


\ 


The action carbon tetrachloride -trivinyltriamyl phosphite 


was added drop drop After hours heating, the reaction products were sub- 
jected fractionation current carbon dioxide substence was obtained 


with b.p. ordinary pressure. The residue the flask did not distil 


The substarce was transparent liquid. 


Found 26.43. 


The bromination c,a',a"-trivinyltriamyl phosphite. 


ether, and the mixture there was slowly acded, with 10.5 bromine. 
After the solvent had been driven off, the residue was distilled 


The boiling point the chief fraction was 136-138° mm. viscous 


with dark color remained the distilling flask This did not crystallize 


mess 
even upon long standing. 


1,2,3-tribromoheptane was colorless liquid. 
1.7805; 1.7519; 1.5361. 


0.2088 substance: 0.3486 AgBr. 
0.1605 substence: 0.2689 AgBr. 


Found 71.05, 71.30. 


The action phosphorus trichloride carbinol. 


and 200 absolute ether, 20.5 phosphorus trichloride was added with 
The diethylaniline hydrochloride that precipitated was filtered off and 
twice with ether. The ether was driven off from the filtrate current 
carbon dioxide, the residual liquid the flask was subjected vacuum 
distillation. But temperature about 60° stormy decomposition began, 


with the heat. Then the mass give 
solid mass. 


The rest was treated with bromine 5.7 the undistilled product from 
the carbinol phosphorus trichloride reaction was dissolved absolute 
ethyl ether, and this mixture 3.5 bromine was The crystals which 


precipitated were filtered. After from the crystals 
had m.p. 123-124°. 


substance: 0.1934 AgBr. 
Found 67.25. 


Analysis the crystals confirmed the fact that the substance obtained 
was 1,2,3-tribromopropylbenzene [4]. 


SUMMARY 


New esters phosphorous have been syn- 
thesized and studied. 


The esters obtained, derivatives trivalent phosphorus, reacted 
with cuprous salts, with methyl iodide, and with carbon 


has been found that the bromination 
esters phesphorous acid gives 3-chloroalkenes. Attempts obtain the esters 
trichloromethylphosphinic acid were not crowned with success. 
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COMPARISON 


THE ACTIVITIES AMMONIA AND ANILINE 


THE REACTION 


WITH FURAN 


AND FURANIDINE 


Yu. Yuriev. Korobitsina and Kuznetsova 


The Moscow State University. awerded the Order Lenin 
The Academician Zelinsky Laboratory Organic Chemistry 


papers hes been shown that the reaction furan furan- 
with with primary aliphetic, aromatic, het- 
the presence aluminum oxide high gives 


the corresponding N-substituted pyrrols pyrrolidines 


idine 
erocyclic amin 


was interest study the comparative ammonia 
aniline both during their simultaneous reactions with furan furanidine, and dur- 
ing the ection mixture ammonia and aniiine the moment their simul- 


taneous formation. order carry out this used phenylhyd- 
razine, which, both autoclave 300° [2], and above aluminum oxide 400°, 
decomposes give aniline, benzene, ammonia, and nitrogen: 


the present work was found that mixtures ammonia and aniline 
react with furan, obtained (yield 18% the theoretical), and 
only traces pyrrol are formed. Similar were when mixtures 
ammonia and aniline were made react with furan the moment their formation, 
i.e., when furan reacted with 
pyrrol was obtained 10% the theoretical), while here the presence 
pyrrol could found qualitatively (by its reaction pine splinter) 
fraction that, judge from its boiling point, had very little pyrrol. 


The reaction mixture ammonia aniline with furanidine led 

the formation only N-phenylpyrrolidine 22.5% theoretical). 
Similar result was obtained the furanidine with prenylhydrazine 

N-phenylpyrrolidine was the chief reaction ‘yield 23% the 
theoretical). Pyrrolidine itself was observed only negligible quantities, and 
was identified the picrate. The use excess phenylhydrazine the re- 
action with furanidine (in molar ratios 1:3, 1:4) lowered the yields N-phenyl- 
pyrrolidine and also the formation carbazole byproduct re- 
action. The obtained are listed the table. 


The data listed the table show selective course the reaction which 
led chiefly the formation N-phenylpyrrol 


and this case too N-phenyl- 


The reaction furan and furanidine with mixtures and aniline 


Expt. Sterting materia Name Yield 


No. reagents theory) 
ine Pyrrol Traces 


ine (from Traces 
hydrazine) 


idine ine rolidine 


hydrazine) Pyrrolidine Traces 
Furan- Same N-phenylpyr- Small am- 
carbazole 


idine 


rolidine 


This course the explained the fact that aniline 
weaker base than ammonia (the ionization constant for aniline 4.58, for ammonia 
9.27 and result this, the rupture the polar carbon-oxygen bond 

furan (the dipole moment furan benzene 25° equals and es- 
pecially (the dipole moment furanidine benzene 25° equals 

1.71 [4]) takes place more easily the case these oxygen-containing hetero- 
cycles with aniline than with ammonia. 


EXPERIMENTAL 


The decomposition phenyihydrazine. 22.6 phenylhydrazine was passed 
weak current nitrogen, with velocity drops per minute, over 
aluminum oxide, heated 400°. The catalysate was collected with good cooling 
the receiver. For quantitative determination the ammonia formed, the exit 
tube the receiver was joined absorption flask containing 3.39 

solution. the end the reaction the acid was titrated with 
16.3 NaOH solution. Therefore, 1.7 ammonia (96% the theor- 
etical) was formed. When the catalysate was dried with fused caustic potash and 
there were obtained: benzene (yield 61% the b.p. 
79-80° (750 mm), 1.5008, aniline (yield 72% the theor- 


The reaction furan with mixture ammonia and aniline 
furan and aniline (molar ratio 1.1) was led over aluminum oxide 
450° with velocity drops per minute current ammonia. The 
velocity the ammonia was regulated that the molar ratio aniline and am- 


monia was The catalysate, collected well-cooied receiver, was extracted 
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ether. The ether extract was dried with fused and the ether 
driven off. distillation the reaction product gave: 0.7 fraction 
with b.p. end 1.5051. This geve intense reaction with 
pine splinter moistened with concentrated nydrochicric acid. There was also 
aniline (52% the amount used reaction} with 56-58° mm); and 


The literature gives for Nesini end 
0.9669, [6] B.p. 128-129° (751.9 mm), 1.50347; 


Qu 


gives for N-ph 


[7] M.p. 62°; Pictet 


ops per minute over aluminum oxide neated 450°. After passage each 
mixture, the was regenerated. The the 
tion with b.p. 130-134° (757 which gave in- 
reaction with pine splinter moistened with 


residve from *he distiliation Upon from aqueous 


the ether extract had 
driven off, there were 


- ~ 


which might have been formed the 
Yr a + 


The reaction furanidine with Experiment mix- 

led with velocity drops per minute gentle current nitrogen 

over aluminum oxide, After each the mixture was 

passed over it, the catalyst was regenerated. ether the catalys- 

was dried with fused caustic potash, ether wes driven off, and the cat- 

alysate residue distilled. benzene came cver, mm), with 

sharp odor pyrrolidine. order pyrrolidine, the benzen 


The lite 
snow and with fused caustic 
picrate 
ths van = At ne 


The benzene, freed from washed, and distiiled 80° 
(758 mm) and nad 1.5000 and 0.8740. The catalysate residue (after the 
removal the benzene from it) wes distilled vacuum. There were 
and 6.5 N-phenylpyrrolidine with b.p. 122-125° (12 mm). 


After purification with [12], the N-phenylpyr- 
rolidine had the following constants: (12 1.5860, 
MRp 48.52 Computed MRp 40.51); EMp 2.01. Yield (23.5% 
the theoretical). 


razine (molar ratio 1.5) was made react 400°. After the corresponding treat- 
ment the catalysate, there were obtained. benzene, 79-80° (760 mm), 
aniline (yield 72% the theoretical), b.p. 73-75° (12 
with 1.5865, 2.2 N-phenylpyrrolidine ‘yield 7.0% the theoretical), b.p. 
(12 mm), 1.5840. After the N-phenylpyrrolidine had distilled off 
the interval (10 mm), carbazole distilled over. After 
lization from the carbazole was obtained form white crystals 
with mother pearl luster, m.p. 234-236°. mixed test showed depression 
the melting m.p. 235-237°. 


3.608 0.259 (21°, 759 mm). 

2.903 0.212 (20°, 756 mm). 
Found 8.32, 8.48. 


The literature gives for Zeidler m.p. 245°; Graebe. 
[14] 238°, Kirby [15] 247°, b.p. 351.5”. 


razine (molar ratio was made react 400°. After the 
treatment the catalysate, there were obtained. 14.4 benzene, 
(758 mm); 1.4995, aniline 84% theoretical), b.p. 73-75° 
6°. mixed test showed depression the melting point; 236-238°. 


SUMMARY 


The results obtained the study the comparative activity ammonia 
and aniline both when they were allowed react with furan 
furanidine, and wnen mixture them was react the moment 
their simultaneous formation from permits draw the 
ing conclusions. 


The reaction furan with mixtures ammonia and aniline gives 
phenylpyrrol, and only traces pyrrol ere observed this. 


The reaction furanidine with mixtures ammonia end aniline gives 
N-phenylpyrrolidine, and only traces pyrrolidine are observed. 


The selectivity the course the reacticns which leads 
the formation N-phenylpyrrol and N-phenylpyrrolidine, explained 
most. easily rupture the polar bond furan furanidine 
under the action aniline, which weaker used for the 
tion. 
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1,3-Dimethylcyclopentane was synthesized for time 1896 
D.Zelinsky and M.Ruzsky [1] from acid way 2,5-dimethyl- 
[2], N.D.Zelinsky obtained this hydrocarbon from optical- 
active and inasmuch the hydrocarbon also showed 
activity, ascribed the structure the trans isomer. 1926, 
Chavanne [=] starting from 
the Grignard reaction) and the unsaturated Later this hydrocarton 
was the same way Evans and Kazansky and 
All the preparations obtained up-to the present time 
and distil within narrow limits. contradis- 
tinction separated into cis and trans 
isomers which have been characterized the present time, 
pentane usually regarded homogeneous hydrocarbon, late years 
there have been several attempts obtain two stereoisomeric forms. Thus, 
1942 and Granger described the synthesis separation cis- 
However, the the isomers reported 
dicated literature, that serious arose the cata. 
given the French chemists. 1947 Birch Oldham [7! cttain 
from ecid the 
eduction its ester substitu- 
ing the this halogen, and converting the 
ive the hydrocarbon. However, this lest compound appeared from its proper- 
ies identical with the 1,3-dimethylcyclopentane (trans form?) which 
been more than once described. the same year, Fenske, with 
number other authors paper devoted the Raman spectra 
listed data for the cis and trans isomers 
without giving any method for preparing and separating them, and without giving 
characterize the degree purity the isomers The *heir 
were extraordinarily close. 


Thus, the question the and properties 1,3- 
cannot the present time decisively settled, 

obtained the present time were mixtures with clese 
properties, and were stereoisomers separate. 


7 
/5b0- 


must note that the other known homologs two alkyl sub- 
stituents positiors and have also been only single forn, 
while the cyclopentanes have the majority cases been suc- 
cessfully separated into cis and trans forms. 


using the reaction cyclization-hydration the 
dienines [9], obtained 1,2,3-trimethylcyclopentane and separated into three 
stereoisomers Dur ing this appeared that the hydrogen- 
ation the trisubstituted cyclopentenes obtained certain stage this com- 
plicated synthesis considerable degree influenced the relative amounts 
geometric isomers formed, uccordsnce with the rule Auwers and Skita 
upon hydrogenation acid medium, the amount cis-isomer formed increased. 


the present paper shall describe the synthesis 
pentane, starting with carbinol), 
means the corresponding dienine and dimethylcyclopentenone described 
Nazarov and Zaretskaya 


CHa 


HOCH 


CH» e . CH e 


shali assume that the dehydration 
there are obtained not the possible dimethylcyclopentenes with different 
positions the double bond, but one, namely, 2,4-dimethylcyclopentene-1, the 
that from the work Kazansky, Koperina, and Zemskaya 
the dehydration the the Grignard re- 
action gives with completely idertical properties 
viously this hydrocarbon can only can seen 
from the following ecuations. 


The hydrogenation the dimethylcyclopentenone and the dimethylcyclopent- 
ene formea intermediate products the work just cited, the prod- 
ever, difference was observed properties the 
ane preparations obtained respett this, despite the fact that might heve 
expected the beth and saturated cyclic hydrocarbon 
stereoisomeric forms Thus, the present work also does not decide the questicn 
the stereoisomerism 1,3-dimethylcyclopentane 


EXPER IMENTAL 


inol), from which selected the fraction with b.p. 60° (20 mm). was dehyd- 
rated with 50% sulfuric acid heating and gave 
in-3 yieids 06-70%. This distilied 45-47° mz) and had 1.4960 


ing with mixture sulfuric acid and mer- 
reaction given above) was obtained, with 


The dienine was then hydrated hea 
curic sulfate 90% methanol solutio 
(not indicated the mechanism the 
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boiling range from 100° (15 mm). The mixture was cyclized without 
separation the ketone heating with phosphoric (sp. gr. 1.73) give 
used. The unsaturated cyclic ketone had b.p. 71-73° (25 mm) and 1.4670. 


ium pressure the presence platinized carbon. shali give 
description typical experiment. glass hydrogenation vessel 
powdered platinized carbon (20% Ft), and solution chloroplatinic 
acid (0.2 The absorption hydrogen first took place very 
rapidly room temperature, but gradually slowed down, and was not accelerated 
the addition 0.5 fresh platinized carbon 0.5 chloropiatinic 
acid solution. total 12.9 liters hydrogen was absorbed 760 =m), 
which amounted 2.1 moles hydrogen per mole ketone hydrogenated. 
other hydrogenation experiments, which shall not describe detail, the 
same features were ovserved. 


After hydrogenation, the alcoholic solutions were filtered, the catalyst 
carefully washed with alcohol, the filtrates united, the alcohol driven off 
from flask. The saturated hydrocarbon formed was driven off along 
with the alcohol, and could sepsrated diluting the alcoholic distillate 
with water. After freeing from traces unsaturated compounds shaking 
with concentrated sulfuric further purifying it, and drying, the 
was distilled the presence.of metallic sodium with the 
theoretical plates. During the distillation, the com- 
pleteiy single point had these properties. mm); 
7457; MRp 22.56 for 32.33), aniline point 48.5°. 


tained, amounting 24% theory, calculated the the 
ketone. 


After the ethyl elcohol had teen driven off, the distillation the 
other products began, that the saturated cyclic alcohol, 2,4- 
had b.p. 159-161° mm), 1.4418, ana 
0.8902. From the unsaturated ketone, total 49.4 the alcohol 
was obtained, about 60% theory. After the visc- 


ous tarry mess remained the flask. 


under these conditions the saturated alcchol takes place muck more 
easily than the reduction the alcchol. 
the latter case, the reaction proceeds easily give the saturated ketone, 
and with considerably less speed give the saturated alcohol, while among the 
reduction products observed saturated 
ketone (reaction with semicarbazide). When there was insufficient absorption 
hycrogen, found the unsaturated cyclic ketone along with the saturated cyclic 
alcohol. 


b). Hydrogenation autoclave under pressure with the 


presence Raney nickel. freshly distilled 
autoclave with capacity 450 the beginning, with hydrogen pressure 
100 atm., the gas was quickly absorbed even 20°, and only toward the end 

the hydrogenation did the temperature inside the autoclave have raised 

ated ketone used. The alccholic solution was and the washed 
with alcohol The alcoholic solutions were united, and the alcohol driven off 

Favorsxy But when the alcoholic was diluted with water, 


contradistinction what has been described section (a), only oily drops 
separated, which were unable investigate. After the alcohol had been 
driven off, the temperature the vapor rose sharply 154°, and the distilla- 
tion began. distilled from 155 157° (737 

mn) and had 1.4473. Its yield was 49.5 which 85.3% theory, 


based the unsaturated ketone. 


The dehydration The two portions 
obtained the hydrogenation the unsaturated 
ketone with platinized carbon with Raney nickel autoclave, were dehyd- 
rated separately heating crystalline oxalic acid (50 the alcohol, 
100 the acid) oil bath 115° for 2.5 hours. After this the tempera- 
ture the bath was raised, and 135-140° the mixture unsaturated hydrocarb- 
and water was distilled off. Water was added the residue the flask, and 
the distillation repeated. The distillates from these two distillations were 
combined, and the hydrocarbon separated from the layer, washed with 
lute solution alkeli, dried, and distilled. The yield unsaturated hydro- 
carbon from dehydration the alcohol amounted 


Both the alcohol obtained hydrogenation with platinized carbon acid 
medium and the obtained hycrogenation autoclave with Raney nickel 
medium gave unsaturated hydrocarbon with identical properties, 
can seen from the following (Table 1). 


TABLE 


Properties 
Boiling point Pressure, 


—— 


Conditions for preparaticn 
original alcohol 


Hydrogenation with platinum 


Hydrogenation with nickel 
neutral medium 


The two preparations were mixed, and the mixture was distilled column 
with the equivalent theoretical plates. After very preliminary 
fraction, everything else distilled within range this indicated the 
complete identity the two preparations. The hydrocarbon obtained had b.p. 
(750 ma), 1.4288; MRp found 32.10, computed for 
31.86. 


The dimethylcyclopentene obtained the dehydration the 1,3-dimethyl- 
(synthesized the Grignard reaction) had the same properties. 
B.p. 92.7° (751 mm); [13], must have had the 
Same structure, which could only the one described. 


the presence platinized carbon. the unsaturatec hydrocarbon, 
acid were shaken glass duck-shaped hydrogenation vessel for hours. 
liters hydrogen 760 mm) were absorbed. This amounted 0.99 mole per 
moie After removal from the alcoholic solution, treatment with 
concentrated sulfuric acid, washing with water, and drying, 33.6 the satur- 
ated hydrocarbon was obtained (94.1% theory). Upon distillation column 
with the equivalent plates, boiled (755 mm) and 
had 1.4095, 0.7454, found 32.57, computed 32.33, aniline point 


91.5-92.5° 750 1.4282 0.7702 


the vapor phase the presence platinized carbon 160°. 


the unsaturated hydrocarbon was passed space 0.2 ex- 
cess hydrogen through glass tube filled with platinized carbon (20% Pt), 
which was placed tubular electric oven and heated 160°C. After the usual 
treatment (see part the collected saturated hydrocarbon was distilled ina 
column with the equivalent theoretical plates. (750 mm) 

0.7454, found MRp 32.57, computed 32.33, aniline point 48.5°. 


Table are listed the properties all the preparations 
obtained the different experiments described this work. Des- 
pite the differences the conditions preparation, they ail have completely 
identical properties. The spectra combined scattering light, studied for 
them M.I.Batuev, are also completely identical. 


TABLE 
Conditions prep- Properties hydrocarbon 
ation 2,4-di- 


aration MRp aniline 


calculated point 


2,4-dinethylcyclo- 
acid 


2,4-dimethylcyclo- 
vapor 


phase 160° .... 90.4 750 1.4094 32.57 48.5 


Direct hydrogen- 


The yield 1,3-dimethylcyclopentane obtained way 2,4-dimethylcy- 
and with the hydrogenation the lat- 
ter, amounted 20-22% theory, calculated the basis the starting mater- 
ial, dimethylvinylethinyl carbinol. the work Chavanne [3], above, 
the yieid 1,3-dimethylcyclopentane, calculated the basis the starting 
material, l-methylcyclohexanol-4 (by way B-methyladipic acid and 
pentanone) also amounted about 20%. 


take the occasion express our thanks M.I.Batuev and 
for the optical investigation the 1,3-dimethylcyclopentane preparations. 


SUMMARY 


1,3-dimethylcyclopentane can successfully synthesized starting with 
2,4-dimethylcyclopenten-2-one-1 (by the method Nazarov) from 2-methylhexan-5- 
ine-3 (dimethylvinylethinyl carbinol). 

Despite the different conditions synthesis 1,3-dimethylcyclopent- 
ane, the preparations which were obtained had extremely properties; 


this consider the question its possible existence stereoiso- 
meric forms still-open one. 
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INVESTIGATION THE DOMAIN POLYCYCLIC COMPOUNDS 


XI. THE INFLUENCE THE COMPOSITION THE 
THE COLOR 1-AMINO-4-x-SURSTITUTED ANTHRAQUINONES 


Institute Organic Chemistry the Academy Sciences the USSR 


Despite the that modern electron theories make possible determ- 
ine the causes the colors organic compounds fairly completely, the structure 
the absorption spectra colored compounds with regard their 
and the structure their molecules still extremely Therefore, 
before, the accumulaticn empirical rules for the relationship the colors 
organic compounds their structures definitely necessary for more detailed 


Having devoted number preceding papers the synthesis and study 
the properties several polycyclic compounds, decided this time in- 
vestigate the relationship between the colors these compounds and 
their structures. With regard this latter question, found only very brief 
reports the literature. Thus, R.Schmidt [2] found relation be- 
tween structure and color number the simplest monosubstituted anthraqui- 
nones; Kunz, number papers [3], gave- data the relation- 
ships the colors the representatives various groups 
their structures; material was presented one the present authors 
somewhat more systematic form. Similar data review nature can also 
found Thomson However, not one the works cited has listed the 
corresponding experimental material. The necessary information, i.e., the determ- 
ination the absorption spectra, are provided only for several individual 
ples the anthraquinone series Formanek but impossible draw any 

general conciusions from them. 


begin the study this question with investigation 
the influence various the simplest substituted 
polycycloketone The closest the are the data 
published Schmidt [2]. This author found that the deepening the color 
a-substituted took place manner that depended the fol- 
lowing order introduction substituents: Cl, Br, OH, SH, 
For the present work, took the cbject cur investigation the 
series l-aminoanthraquinones, and the first step decided 
determine whethér the observations Schmidt the influence the sub- 
stituents held true about them. The experimental data wouid have determine 
what extent the presence invariable second grovp inflvenced the order 
succession the the series given above. According 
Izmailsky [7], the color colored substances may regaried the result 
the interaction systems. our case, the quinone system 


7 
1567 


and the 1,4-bidonor system the substituents might considered the two inter- 
acting systems. The increased electrodonor capacity comparison with that 
the monosubstituted was the characteristic selected for the series 
compounds, but was necessary assume that the order two sub- 
stituents which one was constant would correspond the order influence 
single monosubstituents the overall bathochrome shift. chose 
the following groups: Cl, Br, NOs, OH, and 
The majority the compounds with these substituents are well known the liter- 
ature. For this investigation, naturally, was necessary obtain them 
icelly pure condition. For this purpose utilized some extent industrial 
products, whose purification once resulted chemically pure substances, but 
most cases was necessary synthesize the desired compounds, and for this 
endeavored, without reference the yields, methods synthesis 
which would much possible exclude the formation and thus facil- 
itate considerable degree the purification the substances synthesized. 


TABLE 


absorp- 
ion maximum long- 
ave direction 
ared with previous 

compound 
ured 


solu- cohol 
tions solutions 


Wave length 


Name substance 


ene solu- alcohol 
itions solu- 


....... 460 475 
4 


482 
482 


guinone | 556 | 

584 


Among the compounds synthesized were the foliowing: 
thraquinone, obtained from nitration and subsequent 
saponification, and amino-4-bromoanthraquinone, the 
hydroxyanthraquinone, obtained under certain conditions from 1-benzoylamino- 
and phthalic anhydride the Friedel- reaction 

l-amino-4-dimethylamino- end the con- 
the acid anthraquinone with dimethyl- 
amine aniline the presence copper sulfate, followed the splitting off 
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| 
lcorresponding Data 
Expt. the maximum 
anek 
j 


the sulfonic ecid group manner similar that given [11]. For the prep- 
aration chemically pure l-aminoanthraquinone, and 
purified industrial products. ob- 
tained the debenzoylation the algol dye 
(By) the method Ilyinsky and Zaikin [12]. The data listed below yields 
may possibly changed the direction increased yields the 
result additional investigation. This question, has already been indicated 
above, did not interest us. 


order explain the one another substituent the 
color, measured the maximum the abscrption spectra these compounds and 
then found the value the shift the maximum when one substituent was replaced 
another. The measurements were made Goldberg spectrodensograph. The 
meesurements were carried out with solutions the given compounds chlorobenz- 
ene and ethyl alcohol (see Figures and Experimental section). con- 

idered that the results obtained were preliminary, and propose later inves- 
tigate the absorption spectra our compounds also the ultraviolet region. 
The results the measurements permitted determine the displacement the 
maxima the absorption bands (Table 1). 


Basing ourselves the results obtained, may arrange the 
according the extent their deepening the color the following 
from Schmidt's order only for the first tnree substituents. 


The authors convey their thanks the collective the analytical labor- 
atory the Institute Organic Chemistry for carrying out the analyses the 
compcunds prepared. 


EXPERIMENTAL 


Preparation chemically pure compounds. 1-Am- 
wes from the technical product sublimation cur- 
rent oxygen. The sublimed product was the form red needles with m.p. 


3.560 substance: 0.191 (21°, 757 mm). 
4.770 substance: 0.252 757 mm). 
Found 6.21, 6.15. 


1-Amino-4-nitroanthraquinone. 1-Amino-4-nitroanthraquinone was prepared 
amounted average the theoretically calculated amount. order 
obtain the product nitration was heated for 
minutes boiling water bath with sulfuric acid sp. gr. 1.84 acid 
per starting substance). The free amine was purified recrystallization 
from nitrobenzene, chlorobenzene, and acetic acid. The purified product was 
the form needles with brick-red color, with m.p. 295°. 


2.988 substance: 0.265 743 mm). 
3.553 substance: 0.323 743 mm). 
Found 10.05, 10.30. 


tained the debenzoylation the dye Aloe (By) heating 100° for 
was purified being transformed into the sulfate, and precipitated from the solu- 
ticn amine ccncentrated first being diluted until 


the was 62%. complete the purification, the amine was recrystallized 
from dilute acetic acid. was obtained the form brown platelets, with 


166.5-167.5°. 


3.129 substance: 0.159 (22°, 751 mm). 
3.320 substance: (22.5°, 752 mm). 
Found 5.81, 5.74. 


1-Amino-4-hydroxyanthraguinone. 1-Amino- was ob- 
tained heating and phthalic with 


mixture aluminum chloride and table salt. The 
quinone which was formed was purified conversion the leuco compound, fol- 
lowed oxidation with hydrogen peroxide, and then removal the benzoyl 
group heating the product with 100% sulfuric acid. The yield 
amounted average 70% the theoretical, caiculated 
the basis the original benzoyiamino-p-hydroxyphenylene. The final 
tion the product obtained was carried out recrystallization from chlorobenz- 
ene. 


The purified substance was the form deep bronze platelets, m.p. 206.5- 


3.68 substance: 0.194 (22°, 745 mm). 


one, sublimated the technical The substance was obtained the form 
with blue-black colcr. Its melting point equaled 267-267.5°. 


2.458 substance: 0.257 (23°, 736 
Found 11.70, 11.68. 


207.5° 


1-Amino-4-benzoylaminoanthraquin- 


one was cbtained from the technical product recrystallization from xylene and 
chlorobenzene. The purified product was the form red-violet needles with 
279.5-281°. 
3.360 substance. 0.233 (19°, 748 mm). 
3.500 substance: 0.245 (20°, 748 mm). 
Found 7.98, 8.03. 


acid anthraquinone with aqueous solution dimethylamine the presence 
copper sulfate. The sulfonic acid group was removed heating the condensa- 
tion product with sodium hydrosulfite aqueous-alcoholic medium. The yield 
technical product amounted ebout 60% the amount theoretically calculated. 
The purification the was carried out 
two conversions the hydrochloride the action gaseous HCl solution 
the product chlorobenzene (1.25). Blue needles were obtained with m.p. 


3.566 substance. 0.341 (21.5°, 744 mm). 
Found 


For the synthesis l-amino-4- 
first heated the l-amino-4-bromo-2-sulfonic acid 
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anthraquinone with aniline the presence copper sulfate. Then, order 
remove the sulfonic acid from the compound obtained, heated the latter in. 
aqueous-alcoholic medium with sodium hydrosulfite. obtainec mixture 
blue and black needles yield about 60% the possible 
ount. The purification was carried out converting the into the sulf- 
ate. For this purpose, the impure was dissol- 
ved sulfuric acid, with sp. gr. 1.84, the ratio 1:3. When the acid was 


Fig. Absorption curves anthraquinones 
ethyl alcohol. 


Fig. Absorption curves anthraquinones 
chlorobenzene. 


concentration 50%, the sulfate precipitated. The substance was 
further purified conversion into the under conditions similar 


those described for The product obtained 
was the form blue needles with m.p. 172.5-175°. 


197 (21°, 747 mm). 
Found 76.53, 76.65, 4.62, 4.51; 9.29, 9.09. 


Measurements the absorption spectra. Fig. and Fig. all the 


curves obtained for each separately are brought together. 


3.444 substance. 
3.155 substance: 
2.540 substance: 
2.474 substance: 


SUMMARY 


Measurements the absorption spectra an- 
thraquinones (in the visible region) have permitted that their ab- 
sorption maxima are displaced the long wave direction when the second substit- 
introduced the following order. Cl, Br, OH, 


differed, according our data, from the results Schmidt's work. This differ- 
ence, which general very may apparently explained the different 
methods investigating the compounds. Schmidt evaluated them visually, used 
them for measurements with the Goldberg 


accordance with theoretical assumptions, the presence one and the 
same second substituent the anthraquinones had practically 
spectra the visible region, comparison with the arrangements the absorp- 
tion maxima the spectra for the analogous monosubstituted compounds. 


NH> groups the second substituent, derivatives these, had two definite 
their absorption spectra, contradistinction the absorption spec- 
tra the remaining 1,4-disubstituted anthraquinones, which had only single 
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previous communication [1] have published the results measure- 
ments the spectra the visible region 
anthraquinones. the basis these measurements, were able arrange the 
according the desree their influence the color 

The present devoted the measurements the absorp- 
tion spectra the analogous series substituted anthraquinones. 
‘The substituents were the same groups series. All 
the compounds necessary for measurement were prepared for this chemically 
pure just the previous investigation. Except for 
and 1,4-dibenzoylaminoanthraquinone, all the substances 
were synthesized from the corresponding anthraquinones 
previously obtained heating with benzoyl chloride and chlorobenzene 

The chlorobenzene the compounds were measured the 
Goldberg spectrodensograph (see Table and Figure Section). 


TABLE 


‘corresponding 

max- 
imum 


Shift ab- 


sorption maximum 

long wave dir- 
ection compari- 
son with preceding 


Name compound 


compound 


1-Benzoylamino-4-chloroanthraquinone. 
1-Be 462 
498 
525 
1-Benzoylamino-4-dimethylamino- 


1-Benzoylamino-4-phenylamino- 


498.0 
508.5 


The results these measurements showed that the shift the absorption 
maximum the long-wave section the spectrum takes place according the sane 
rule and the same order was found for 
the basis these measurements were able arrange the substituents ac- 
the extent their influence the color the following 
order: Cl, Br, CH, This was identical 


with the order found the previous communication. 
EXPERIMENTAL 
Preparation chemically pure compounds. 1-Benzoylaminoanthraquinone. 


1-Benzoylaminoanthraquinone was obtained the benzoylation 
one yield 92% the theoretically amount. The product, recrys- 
tallized from aniline, was the form golden-yellow platelets with m.p. 254.5- 


substance: 0.165 (22°, 752 mm). 
3.420 substance. 0.130 (22°, 745 mm). 
Found 4.39, 4.31. 


the usual The procuct after recrystalliza- 
tion from nitrobenzene, was the form badiy formed crystals with light yel- 
low color and m.p. 
2.861 substance: 0.189 745 mm). 
4,295 substance: 0.270 (18.5°, 748 mm). 


was prepared the recrystallization the algol dye Aloe (By) from 
xylene. After purification, the compound was the form platelets witha 
clear red color, with m.p. 

substance: 0.147 (20°, 756 mm). 

3.000 substance: 0.106 (21°, mm). 

utilized the previously obtained 
which was heated with benzoyl chloride (1:4). yield 
benzoylation product amounted 80% that theoretically calculated. After 
recrystallization from chlorobenzene, obtained red-brown crystals with m.p. 


3.820 substance: 132 (23°, 746 mm). 
substance: 123 (23°, 746 mm). 
Found 

inoanthracuinone, recrystallized the technical product from chlorobenze (1:3). 
The yield purified 1,4-dibenzoylaminoenthraquinone amounted the 
amount used. The purified compound was the form rea needles with m.p. 


3.110 substance: 0.169 (19°, 729 mm). 

3.600 substance. 0.204 (20°, 729 mm). 
Found 6.24, 6.33. 
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aminoanthraguinone was heating l-amino-4-dimethylaminoanthraquinone 
with benzoyl chloride chlorobenzene (1:3). The amount benzoyl chloride used 
was less than the calculated amount (95% the theoretical), our experiments 
showed that excess benzoyl chloride led the formation the dibenzoyl 
derivative. The yield product obtained amounted about 6C% that calculated 
theoretically. After recrystallization from chlorobenzene (1:5) obtained blue 
needles with m.p. 172-174°. 


2.519 substance: 0.158 (21°, 756. mm) 
Found 7.24 


two-fold excess benzoyl chloride. solvent used chlorobenzene 


yield technical product amounted 80%. The purified product was 
needles with blue color, m.p. 195-197°. 


3.864 substance: 0.224 (22.5°, 752 mm). 
2.549 substance: 0.146 (21.5°, 744 mm). 
Found 6.63, 6.51. 


Measurements the absorption The curves obtained for the ab- 
sorption are the Figure. 


Absorption curves anthra- 
quinone chiorobenzene 


SUMMARY 


Measurements the absorption spectra 1-benzoylamino-4-x-substituted 
anthraquinones have proved that this series shows the same order arrangement 
the substituents with respect their influence the color the 


series 4-x-substituted l-aminoanthraquinones and fundamentally, 
series monosubstituted anthraquinones. 
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THE ALKALOIDS COCCULUS LAURIFOLIUS 


THE STRUCTURE COCCULIDIN AND COCCULIN 


Yunusov 


Laboratory Chemistry the Institute Chemistry 
the Academy Sciences the Uzbek SSR Tashkent 


paper [1] reported that Cocculus laurifolius D.C., grown 
1912 the Batum region, did not contain coclaurin. Instead this, were 
able isclete from the leaves this plant two new alkaloids, named cocculin, 
and cocculidin the basis quantitative determinaticn 
the functional groups gave formulas the two alkaloids developed 
form. Upon methylation with diazomethane, cocculin, which base phénol 
character, gives another alkaloid non-phenol character, cocculidin: 

culin and cocculidin easily decolorize permanganate, which indicates the presence 
double Thus, after the determination the structure cocculidir, 
remains for determine the position the phenol hydroxyl cocculin, 
which must occupy the position one the methoxy groups Under 
the action methyl iodide, cocculidin gives splendidly methiodide 
with 239°. This methiodide easily and smoothly undergoes decomposition upon 
heating with alcohol solution alkali according method, 
and gives optically active des-N-methylcocculidin 108.89°, m.p. 
83°]. the basis complete elementary analysis and the determination 
the functional groups des-N-methylcocculidin, the foli composition and 
developed formule were found: This des-bese 
gave crystalline methiodide, with m.p. 206° Cpon heating with alcoholic alk- 
ali, this did not split cff trimethylamine. optically inactive, viscous, color- 


cily base was obtained, which gave crystalline hydrochloride with m.p. 


196°. The des- obtained had the composition and 
instead methoxyls contained only one methoxy group, 
CHs 


This fact showed that one methoxyl group had been split off the form methyl 
alcohol, and that was the ring which contained double bond, that is, 
the ring. Therefore can assume that when the second stage 
second double bond appeared, the ring became dihydrobenzene 
ring. Later, the result splitting off methyl alcchol means the meth- 
oxyl group end one the hydrogens next it, third double bond appeared, and 
the ring cocculidin became completely aromatic. des-N-di- 
there are asymmetrical carbon atoms; addition, 


the ‘only reason which can explain the one reactive double 


gud 


The Hofmann method decomposition, known, always takes place with 
the rupture the bond between the nitrogen and the carbons several theoret- 
ically possible ways, with the formation various isomers the des-N-methyl 
base, and the final substance without nitrogen usually obtained not sin- 
gle compound. this case, both the first stage decomposition and the 
second, addition the chief decomposition product described there was also 

the formation other’ products, but because small amounts did not 
undertake separate them into individual isomers. the expectation 
ing the final nitrogen-free decomposition product cocculidin single com- 
pound, formed the methiodide the non-individualized des-N-dimethylcocculidin. 
Upon heating with alcoholic alkali, the non-crystalline methiodide isomers split 
off trimethylamine. viscous oily nitrogen-free substance was obtained, which 
the fairly rapidly. The oxidation this substance with pctas- 
sium permanganate acetone solution gave crystalline acid with 
189-190°. quantitative determination functional groups made possible 
break down the formula this acid follows: This was con- 
firmed the formation the crystalline dimethyl ester 
Hence was necessary assume that the nitrogen-free compound had the follow- 
ing formula. Upon oxidation, lost carbon 
with the two molecules formic acid and the dicarboxylic acid des- 
the nitrogen-free compound from cocculidin was obtained after 


wid 


above. 
the third stage decomposition, was necessary expect that three active 


double bonds would formed and the acid which can 
seen from the formula, obtained acid. This once more confirm- 
the fact tnat the production aromatic character the tetrahydrobenzene 

took place the second stage decomposition. Therefore 
there remained the single possibility that one double the three formed 
decomposition was tond aromatic character. 


order test the direction cocculidin, the 
stages decomposition were carried out lower temperature the action 
AgOH the methicdide. this case, the same course was ob- 
aromatic character resulting the second stage, and the same 
products being formed were obtained the case the action 
KOH. were therefore forced draw the that the decomposition 
stages and the splitting off methoxyl were not the results the secondary 
action the alcoholic caustic potash, but were the normal the Hofmann 
degradation, with this system striving assume aromatic character. 
difficult therefore assume that the disappearance optical activity the 
second stage decomposition was the result racemization took place 
under the action the reagents used. 


Upon distiiling the acid obtained from hemi-cocculidin with zinc dust, 
fluorene, was obtained. imagine the methoxyl and carboxyl groups 
the formula the acid replaced hydrogens, will have 
Therefcre, may assume that the thirteenth carbon atom may 
have been obtained from the carboxyl group position diphenyl. All the 
and analytical data about cocculidin given above show that the acid ob- 
tained diphenylmethoxy-dicarboxylic acid, and not fluorene derivative. 


Scheme showing the decomposition cocculidin 


Mixture 

Nitrogen-free substance (hemi- 


acid 


the course the degracation showed, the nitrogen cocculidin 
split off the form trimethylamine only after the degradation 
three times. This shows that the nitrogen cocculidin bound bicyclic 
manner, i.e., the point juncture two condensed rings. The easy and 
smooth course all three steps the degradation under the action 
the other hand, cocculidin gives positive reaction for 
pyrrol. must conclude that the heterocyclic condensed ring cocculidin, 
one side, piperidine, and the other pyrrolidine. The splitting off 
one the methoxyl groups cocculidin the form methyl alcohol shows 
that this methoxyl group was formed not from the phenol but from the 
seconaary alcohol hydroxyl. methylation cocculin, the base with phenol 
character, gives cocculidin, clear that the sharply expressed phenolic 
roxyl group cocculin situated the aromatic ring. 


All the experimental results given above and the conclusions which have 
been drawn from them lead the formulas for cocculin (I) and cocculidin (II) 


Girectly below. 


These formulas have not been decisively demonstrated experimentally 

all details, but they are the most probable, and correspond all the 
chemical and optical properties these alkaloids anc their decomposition prod- 
ucts. clear from formulas (I) and (II) that cocculidin are 
derivatives hexahydrophananthridine. write the formulas the form 
(III), then the half the ring system especially clearly 
seen. the other these compounds are indole derivatives, and their form- 
ulas some extent recall part the formula strychnine, addition both 

them, especially cocculin, like strychnine, are highly toxic bases [2]. The 
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course their Gegradation may shown the follcwing equations: 


pa & 2 


The oxidation (hemi-cocculidin) (VIII) 
gives the corresponding acid with m.p. 190°, which upon distillation with zinc 
forms 

CHs 
COOH 


(x) 


From consideration the formulas cocculin and cocculidin 
easy see that they contain four asymmetric carbon atoms. (depending 
the actual position the methoxyl group), 10, and (designated as- 
terisks). The disappearance the optical activity result the Hofmann 
Gegradation may the result the fact that double bond formed near these 
asymmetric carbons. the first stage decomposition, chiefly the bond 
between carbon and nitrogen thst breaks, that double bond appears this 
carbon and destroys one the asymmetric centers. Thus, result their 
decomposition, des-N-methylcocculidin obtained the main product. the 
rupture the bond had taken place enother theoretically possible direction, 
specific, between carbon and the nitrogen, then methyl alcohol would 
have split off once because the and the aromatic ring would 
have been produced. the decomposition had taken place with rupture the link 
between the nitrogen atom and carbon le, then after the second stage decomposi- 
tion (after ring had become fully aromatic) carbon atom would have kept its. 
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asymmetry, des-N-dimethylcocculidin would have been optically active. But, 
has already been indicated, the formed optically 
inactive. Thus, from all that has teen can conclude that the first stage 
decomposition chiefly with break the bond between the nitrogen 
atom carbon the second stage decomposition, bond formed 
between carbons and 10, and the optical activity carbons and 
troyed (VI). The appearance double bond the ring increases the 
striving toward the completely sromatic character this ring, and therefore the 
third double bond easily formed ring result the splitting cff 
methoxyl and one hydrogen attached carbons result, ring 
becomes aromatic, all four carbons their asymmetry, and the optically inac- 
tive (VII) formed. the third stage, there remains 
single possible direction for the formation the double bond, between carbons 
and 13. During this process, the des-N-dimethylcocculidin methiodide (the 
quaternary ammonium base) splits off trimethylamine give 
diphenyl 


for the position the double the cocculin and 
cocculidin, obvious that this must position the ring which 
not destroyed during the decomposition, the positions between carbons and 
10, and and are excluded. the basis the smooth and easy course 
the Hofmann decomposition, the splitting off methoxyl and the 
aromatic nature ring may assume that the double bond most probably 
variant correct, then the methoxyl attached ring can have, two pos- 
sible positions, namely, carbons and With the second variant (7-8), there 
only the single position carbon for the The work the deter- 
mination the position double bond and the substituent groups coc- 
culin and cocculidin being continued. 


our first communication [1] showed that after the isolation coc- 
culidin (70% tne total amount alkaloids) from the non-phenolic portion 
the mixture bases there remained another mixture alkaloids which, 
because its small amount, could not separated into individual bases. As- 
suming that this mixture possibly contain trimethylcoclaurin methyl- 
armepavine, subjected the Hofmann with the purpose ob- 
taining its decomposition products. has now been learned, the nitrogen 
cocculidin the juncture point two condensed rings, appears that 
the splitting off nitrogen takes place only after the reaction has been car- 
ried out three times. The nitrogen the 
(with the group l-methyl benzyl tetrahydroisoquinoline, and others) splits 
off the form trimethylamine after the second decomposition. There- 
fore, the basis this reaction can determine the presence alkaloids 
which are derivatives the mixture from which the 
cocculidin came. This tarry mixture gave.a The methiodide was 
heated with alkali. The mixture des-N-methyl bases obtained gave 
methiodide, and this latter, upon heat ing with alcohclic alkali, off tri- 
methylamine. The nitrogen-free substance was separated from the 
base. The crystalline hemi-product obtained wes different from the 
nitrogen-free substance obtained from trimethylcocculidin and methylarmepavine. 
But this reaction showed clearly that the leaves Cocculus lavrifolius D.C. 
which had investigated contained one alkaloid nature 
Gerivative benzyl tetrahydroisoquinoline, and that this base 
about 50% the mixture left the cocculidin. hope that after 
accumulating sufficient amounts this mixture from the cocculidin shal 
able start the isolation this and decisively determine its struc- 
ture. 


The des-N-dimethyl base obtained after the second stage decomposition 


. 
TER 4 


from the the cocculidin, split off nitrogen after the third stage 
decomposition form nitrogen-free product from which oxidation with potas- 
sium permanganate enabled obtain methoxydiphenyldicarboxylic acid, iden- 
tical with that from hemi-cocculidin. Thus clear that the 
residue left the cocculidin contained about 30% cocculidin. 


EXPERIMENTAL 
The action alcoholic KOH cocculidin methiodide (des-N-methylcoccul- 


idin). cocculidin methiodide with m.p. 238-239° was dissoived 

methyl finely KOH was added the solution, and the 
mixture was heated the water bath for hour. The alcohol was then driven off 
beaker the boiling water bath. the residue, water was added, 
and the base was thoroughly extracted with ether. After the ether had been driven 
off leave volume ml, the product was allowed stand until the 
following day. Slow evaporation the remaining ether resulted the crystal- 
lization the main portion. After recrystallization from petroleum ether, crys- 
tals precipitated the form large prisms, 82-83° mixed test 
with cocculidin gave lowering the m.p. 65°). The yield the crystalline 
portion was 0.8 and the non-crystalline mixture des-bases amounted 0.4 

was very soluble alcohol, chloroform, and ether, 
more difficultly soluble petroleum ether, insoluble water. 


substance. 0.202 (20°, 725 mm). 
substance: 0.195 (20°, 725 mm). 
NCHs 9.7. 


The action AgOH cocculidin methiodide- cocculidin methio- 
dide, dissolved water, there was added the freshly precipitated 


prepared from 0.8 and the mixture was shaken for minutes, until 
the solution gave reaction for The precipitate was filtered 
off, and the water driven off vacuum 60° until the residue was 
water were the residue, and the base was extracted with 
ether. The solution was dried with anhydrous potash and concentrated small 
volume (3-5 ml). Upon slow volatilization the ether, room temperature, the 
residue almost completely crystallized. Yieid 1.2 After recrystallization 
from petroleum ether, had 82-83°. Yield mixed test with des-N- 
methylcocculidin obtained the method described above gave depression 
the melting point. 


The methiodide des-N-methylcocculidin. des-N-methylcocculidin 
with m.p. were dissolved methyl alcohol, and methyl 
iodide were added the soluticn, whicn was boiled with reflux condenser for 
hours. The solvent was then off leave volume 2-3 ml, and this 
was allowed stand until the day. this standing crystalline 
precipitate formed, and after cooling with ice, this was filtered off with suc- 
tion. Yield 2.2 After recrystallization from methyl alcohol, the methiodide 
des-N-methylcocculidin was obtained the form fine needle-shaped crystals 


with m.p. 


The action KCH and the methiodide des-N-methylcocculidin. 

alcohol, and finely divided KOH was the solution, which was 
the water with reflux condenser for hours. Then the alcohol 
was driven off leave dry residue. During this process, separetion 
trimethylamine was observed. the residue there was added water, and 
the oily base which separated was extracted with ether. The extract 
was dried cver anhydrous potash. After the solvent had been driven off, there 
remained viscous with greenish yellow color. The des-N-dimethyl- 
cocculidin distilled give completely colorless oil which 
gave hydrochloride. the air darkened fairly readily. 
had the cdor base, and was optically inactive. 


the aquecus solution the methiodide des-N-methylcocculidin there 
was added the calculated amount freshly precipitated After complete 
precipitation the iodide ions, the water was driven out the filtered solu- 
tion vacuum 60-70°. The product reaction was extracted with ether. 
After the ether had been driven off, the was obtained 
the form viscous oil which 156-158° +0°), and was 
identical with that cbtained the action KOH the methiodide des-N- 


methylcocculidin. 
4.500 0.219 (30°, mm). 
Found 81.18, 80.62, 80.88; 8.67, 8.40, 
8.65; 4.95, 5.24; 29, 12.62. 


‘solution the base, alcoholic acid was 
added until there was complete neutralization. uring this process, the hydro- 
chloride des-N-dimethylcocculidin precipitated form shining silky 
with m.p. 195-196°. Upon further recrystallization from acetone and 


from aicohol, the melting point remained unchanged. 


Found 11.27. 


The action KOH and the methiodide des-N-dimethylcocculidin. 
the solution there was added methyl iodide. The mixture was then 
heated the water beth for hours, and the solvent then driven off completely. 
the resicue there was added KOH and methyl alcohol, where- 
upon, even the mixing, the formation trimethylamine was observed. The 
mixture was heated the water bath for hours, until the formation tri- 
methylamine was complete. The alcohol was driven off leave dry residue, 
which water was added, and the reaction product was repeatedly extracted 
with ether. The ether extract was with sulfuric acid, then with water, 
dried over potash. After the ether been driven off, nitrogen- 
free product remained the form viscous almost colorless oil, b.p. 218° 
Yield The nitrogen-free product was very scluble all 
the usual organic solvents, darkened air, and 0°. The sulfuric 


. 


acid wash was mede alkaline with saturated solution and ex- 
tracted with ether recover 0.2 the base, which gave with 
194-195°. mixed test with the hydrochloride methylcocculidin 
gave lowering the melting point The same nitrogen-free product was 
treating the aqueous solution methiodide des-N-dimethylcocculidin 


with silver oxide. 


The oxidation product. the nitrogen-free prod- 
uct, which was not distilled vacuum, were dissolved 200 acetone which 
had first been treated with permanganate. the solution, temperature 
24-25° and with continudus stirring there were added fine powdered 
Decclorization first took place very quickly, and then slowed down. After the 
entire emount permanganate had been added hours) the solution was boiled 

for hours. Then the excess was with methyl alcohol. The pre- 
cipitate manganese dioxide and potassium salt the acid was off. 

The ucetone mother-liquor (A) was completely colorless. The precipitate 
the filter was washed with 100 caustic potash solution. Upon cooling, 
the alkaline solution was acidified with 50% sulfuric acid, and the precipitated 
acid was extracted with ether the ether had been driven off and traces 
water had been 1.8 cinramon-colored semi-solid mass was 
obtained. this chlcroform was added, and the residue was 
allowed stand until the day. This the precipitation 
white finely neeGle-shaped crystals, which were filtered with suction and washed 
with small emount chloroform. M.p. 185-157°. Yieid The mother 
liquor additional After the chloroform had been re- 
moved from the mother-liquor, there remained brown mass (B). The acet- 
one was driven off from the acetone small volume, 

and the residue was poured into 

the acetone, the residue was 
The ether was driven off 


After the complete volatilization 
ana the extracted with ether. 

U.2 pale yellow viscous oil, which could 
not crystallized any way. These 0.2 viscous oil and tre 
tion there was added finely dered After boiling hours, the excess 
removed with ethyl alcoho the precipitated and the acid salts were 
with hot water, and was obtained, identical with that in- 
the same acid). After two from ether, the melting point 
the acid was raised 189-190°. "pon further recrysteliization, there was 
change the melting point. The were obtained from the 
form needies, and from ether the form prisms. The acid obtained 
was reacily sciuble methyl and ethyl and acetone, more difficultly 


nitrosomethylurea was added. 


diazomethane obtained from 
Thereupon reaction place, with nitrogen. The 
mixture was stanc until the following day. The ether was then completely 
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off. There remained colorless viscous oil, which after 
distillation vacuum mm). recrystallization from ether, 
fine prisms precipitated, arranged the form round masses. 
Yield 0.3 The dimethyl ester the acid was readily soluble alcohol, 
acetone, and ether, more soluble petroleum ether. 


Found 68.18; 5.28, 5.23. 

The distillation the acid with zinc dust. the acid was dis- 
solved and the solution mixed with 100 zinc dust. 
alcohol was completely driven off the water The mixture was placed 
tube sealed one end, about 400 long and with inner diameter mm, and 
100 pure zinc dust was added. first that part the tube where 
the pure zinc dust was was heated faint incandescence, then the part 
the tube containing the compound was heated. After the reaction had 
cooled, the distillation products partially crystallized the end the tube 
and the receiver which was cooled with ice. The entire tube and the zinc dust 
were washed with ether and the distillate the receiver was 
this ether. The ether solution, the extracts all the reaction product, was 
washed with KOH water, then dried with potash, and the ether completely 
off. The residue was dissolved and treated 
animal chercoal. The filtered solution was concentrated volume 
ml. fine crystals precipitated, Yield 0.3 
After recrystallization from methyl alcohol, the melting point the crystals 
rose Yield mixed test with fluorene 115°) gave 
lowering the melting point 


2.936 substance: 10.092 COs, 1-640 

Found 93.75, 93.55; 6.23. 


SUMMARY 
The first stage the Hofmann degradation cocculidin, under the 
action and takes the same manner with tet- 
aikaloids, with the formation active des-N- 
methylcocculidin this reaction, the chief the opening ring 
with the destruction the asymmetry carbon 


the second stege the degradation, carried out the action 
KOH dcuble bond formed chiefly between carbons and 10. After 
the appearance this seccnd double bond ring methyl split 
off because the methoxyl group and one hydrogen, and ring acquires 
arcmatic nature. 


Thus, after the stage the degradation, all four atoms 
single methoxyl and single vinyl group 


After the 


third stage the degradation, nitrogen-free substance 
version and the dimethyl 
ester. 


the acid with dust gives The five- 
membered ring att 


formed, from the carboxy? group 


2 
ad 


position 


The course the Hofmann shows that the nitrogen coc- 
culin and cocculidin the point juncture two condensed rings, the 
one sice pyrrolidine, and the other piperidine ring. 


The hydroxyl group cocculin attached the aromatic 
ring, The bond the group are ring They are not dis- 
placed during the degradation. review all the theoretically possible ways 
decomposition cocculidin permits assume that the double bond 
positions 5-6 7-8. 

These facts show that cocculin and cocculidin are the one hand deriv- 
atives phenanthridine and the other hand indole, i.e., they are indo- 


the basis the products the Hofmann degradation the mother- 
liquor cocculidin, has been found that this tarry 
addition cocculidin (30%) still third alkaloid (50% the 
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THE INVESTIGATION THE ALKALOIDS NANOPHYTON ERINACEUM 


The Phyto-Chemical Laboratory the All Union Scientific Research 
Serge Ordzhonikidze Institute, 
Moscow, 

The presence alkaloids the Nanophyton which belongs 
the family Chenopodiaceae, was determined P.S.Massagetcv. collected the 
plant material which was used for this investigation. found first ali that 
the alkaloids this plant, which were obtained the usual extraction with di- 
distilled with steam, without leaving residue. Therefore, 
order prepare them later did not employ the plants, but 
simply distilled the alkaloids with steam from the crushed piant which had first 
treated with solution caustic resuit this operation, 
from plant obtained colorless mobile, strongly basic oil, 
which boiled ordinary pressures within wide interval 130-155°. This mixture 
bases was fractionated with dephlegmator. This gave two fractions with 
boiling and 140-154°. The first fraction gave hydrochloride, 
which after recrystallization from alcohol form well-crystallized 
active substance 15.1°) with 253-254°. The elementary 
analyses this hydrochloride corresponded well the composition 
The base obtained distilled 133-135° and had saturated character. 
order elucidate the structure this base, wes dehydrogenated heating 
which distilled From this obtained the picrate with 159- 
160°, the with m.p. 125-126°, and the with 117-119°. 
these melting points almost coincided with the melting points the 
ponding 2,6-dimethylpyridine [2], order conclusively settle this 
question determined the melting points mixed tests salts with the 
corresponding the iatter. During these tests, lowering the melt- 
ing points was observed. from that the denydrogenation product 
was 2,6-dimethylpyridine. The alkeloid itself must then the optically active 
form 


Starting from the assumption that the second which was 
responsible for the extended boiling range the crude mixture, was 1,2,6-tri- 
methylpiperidine, separated second, higher-boiling well the 
mixture which remained the mother liquor after the crystalliza- 
tion the hydrochloride 2,6-dimethylpiperidine, the action nitrous 
acid. Under this action, fact, only part the base gave nitrosamine, from 
which, the resuit heating with hydrochloric acid, recovered optically 
active Part this mixture remained unchanged. From 
the unchanged portion obtained crystalline, active 
which melted base from this distilled 
order show that this base actually was the active 
form the obtained 


> 


previously was methylated with formaldehyce the presence formic acid. This 
gave substance identical with the base with m.p. 
strictly proved that the alkaloids Nanophyton erinaceum are optically ac- 


tive forms 2,6-dimethylpiperidine and the plant con- 


tent the first being approximately four times great that the second. 
The plant does not, contain other Both these bases have al- 


ready been described the literature [3] their racemic forms, but the attempts 


separate them into cptical antipodes have met with success [4]. The op- 
tical activity these bases shows that they are trans forms. This follows from 
the fact that the cis forms would correspond meso forms, which would exclude 
the possibility optical activity. The fact remains noted that this 
the first time that bases with this structure have been found plants. 


EXPERIMENTAL 


Isolation the alkaloids. air-dried ground parts the plants 
were treated with soluticn caustic soda, placed vat fed with live 
steam, and current steam passed through until’ the distillate longer gave 
reaction with silicotungstic acid order obtain more concentrated soiu- 
tion, the ccllected distillate was made alkaline with solid caustic soda, and the 
alkaloids from with steam. This operation was repeated twice, thus 
making possible decrease considerably the volume the solution, approx- 
imately 200 ml. The solution was acidified with concentrated solution hydro- 
chloric acid and extracted ether order purify from substances 
non-basic The solution was then treated with 50% caustic potash solu- 
tion. The base, which separated form faintly colored oil, was ex- 
tracted with ether. The ether solution the base was dried with caustic potash, 
and’ the ether driven off. The which remained was fractionated with de- 
ordinary pressure. 
distilling from (12 and from 140-150° g). 


The purification the first fraction ‘preparation 1-2,6-dimethyl- 
piperidin the first basic fraction with boiling range 132-140° was dis- 


solved dry ether, and the solution alcoholic solution hydrogen chlor- 
ide was added until there was acid reaction Congo red. The crystalline 


precipitate (15 was recrystallized twice from absolute alcohol. subs- 
tance was obtained, with m.p. 


375 substance. 9.019 COs; 4.202 

7.035 substance: 6.832 

4.935 substance: 726 mm). 
Found 


56.22, 56.11; 10.75, 10.76; 


This hydrochloride gave the base the usual method. The base distilled 
and had the following constants. 0.8409, -5.80° 


without solvent, 0.5 dm, -13.8°; found 35.76, computed 2,6- 
dimethylpiperidine 35.92. 


The dehydrogenation the base with 


silver acetate, acetic acid, and water were placed 
The latter was sealed and for hours 180°. After the 


tube was opened, its contents were combined and filtered off from the metallic 
formed. 


glass tube. 


The filtrate was treated with excess 40% caustic soda 


Thus may consider 


This the collection two frections, 


solution, and the base that separated was distilled with steam. The distillate 

was acidified with hydrochioric acid bromothymol blue and extracted with ether. 

The ether solution was dried with potash and the ether driven off. The residue 

was weak base, and most distilled over 142-143°. The distilled pro- 
duct gave the following salts: the picrate, with 159- 160°, the chloraurate 

with m.p. 125-126°, and the phthalate with m.p. These salts were dir- 

ectly with the corresponding salts 6-dimethylpyridine, prepared 

from the synthetically obtained base. This comparison established their complete 


identity. 


The separation the alkaloids the action nitrous acid. From 
the basic second fraction (boiling range 140-154°) ether solution under the 
already described for the first fraction, the hydrochloride was obtained. 
This was combined, without recrystallization, with the crystalline mixture 
hydrochlorides obtained concentrating the alcoholic mother-liquors which re- 
mained after the recrystallization the 2,6-dimethylpiperidine hydrochloride. 
and the solution was heated for minutes the boiling water bath. The cooled 
solution was acidified with hydrochloric acid (to methyl orange) and extracted 
several times with ether. The ether solution was dried with potash and the ether 
driven off. The residue was distilled vacuum. 6.5 substance which dis- 
tilled mm) was obtained. 


2.379 substance: 0.414 (24°, 734 mm). 
Found 19.32. 


From this nitrosamine, heating with hydruchloric acid, recovered the 
base, which was identical with the previously obtained 1-2,6-dimethylpiperidine. 
The which remained after the extraction the nitrosamine was 
treated with excess 50% caustic potash solution. The base which separated 
was distilled with steam. The distillate was acidified Congo red with hydro- 
chloric acid and evaporated dryness vacuum. The crystalline precipitate 
was recrystallizea several times from dry acetone. 2.5 substance with m.p. 
162.5-164° were obtained. This hydrochloride was considerably more soluble 
alcohol than the hydrochloride the previously obtained 1-2,6-dimethylpiperidine. 


-10.8°. 


6.408 5.554 AgCl. 


Found 58.67, 58.66; 11.16, 11.17; 21. 


This the manner, gave the base, which distilled 
153-154° and had the following constants: 0.8448; nf° 1.4485; -18.17° 
without dm, 43.02°, found 40. computed for 1,2,6- 


trimethylpiperidine 40.88. 


The the base with 


formic acid were heated for hours with reflux condenser boiling water 

bath. the heating, vigorous evolution carbon dioxide was 
observed. The solution was treated with small excess hydrochloric 

acid and the water was completely driven off The dry residue was re- 

crystallized from acetone. This gave the hydrochloride with m.p. 

identical with the hydrochloride the tertiary amine previously obtained 

nitrosation the mixture. 
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SUMMARY 


piperidine and 1-1,2,6-trimethylpiperidine were isolated. The total content 
these bases the plant was approximately equal 0.1%. The content the 
secondary amine was approximately times great the content the tertiary. 
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